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ABSTRACT.   This  report  documents  the  surface  meteorological 
and  radiation  data  collected  on  the  four  U.S.  B-Scale  ships 
Researcher,  Gilliss,  Dallas,  and  Oceanographer .   The  report 
describes  the  sensors  and  recording  systems  on  board  the  ships, 
pre-and  post-calibration  procedures,  and  data  processing  and 
validation  methods.   A  description  and  inventory  of  the  archived 
products  are  included. 

1 .   INTRODUCTION 

The  Global  Atmospheric  Research  Program  (GARP)  Atlantic  Tropical  Experi- 
ment (GATE)  was  conducted  during  the  summer  of  1974  in  an  area  centered 
1000  km  southwest  of  Dakar,  Senegal.   The  central  program  of  the  experiment 
focused  on  the  effects  of  smaller  scale   tropical  weather  systems  on  larger 
scale  circulations.   Some  70  nations  supplied  the  needed  equipment  and 
manpower,  including  39  research  ships,  13  aircraft,  10  satellites, and  nearly 
4000  scientists  and  technicians,  to  meet  the  goals  of  GATE.   The  United 
States  supplied  five  ships  for  the  B-scale  array:  the  NOAA  Researcher ;  the 
University  of  Miami  R/V  Gilliss;  the  USCG  Dallas;  the  NOAA  Oceanographer, 
and  the  NASA  Vanguard . 

The  acquisition  of  continuous,  high-quality  surface  meteorological  data 
was  an  important  facet  of  GATE,  yet  making  precise  measurements  of  surface 
meteorological  variables  at  sea  aboard  large  research  vessels  is  difficult 
at   best.   In  his  textbook,  Physics  of  the  Marine  Atmosphere,  Roll  (1965) 
discusses  many  of  the  problems  and  limitations.   For  example,  the  obstacle 
effect  of  the  ship  distorts  the  wind  flow,  making  accurate  wind  velocity 
measurements  difficult.   This  same  effect  can  often  influence  rainfall 


measurements  so  that  twice  as  much  rainfall  is  measured  at  one  place  on  the 
ship  as  another.   The  ship  heating  affects  air  temperature  measurements,  and 
the  engine  cooling  water  modifies  the  sea  surface  temperatures.   To  minimize 
these  problems,  four  of  the  GATE  B-scale  ships  (the  Researcher,  the  Gilliss, 
the  Dallas ,  and  the  Oceanographer)  were  equipped  with  instrumentation  mounted 
on  bow  booms  and  the  forward  mast.   Experience  and  previous  research  (Seguin 
and  Garstang,  1971;  Ching,  1975)  have  shown  that  instrumentation  mounted  on 
bow  booms  suffers  the  least  from  the  above  ship  effects. 

The  Vanguard  did  not  have  a  bow  boom,  nor  the  sophisticated  automatic 
recording  system  carried  by  the  other  U.S.  ships.   However,  this  ship 
measured  downward  total  solar  radiation,  K+,  and  direct  solar  radiation,  I, 
and  recorded  these  data  on  an  analog  recorder.   All  the  U.S.  ships  made 
standard  WMO  surface  marine  meteorological  observations,  which  were  used  in 
the  validation  of  the  automatically  acquired  data. 

GATE  was  conducted  from  June  17  through  September  23,  1974.   The 
experiment  included  three  formal  ship  Intercomparisons ,  each  lasting  3  days, 
and  three  Phases,  each  lasting  20  days.   Figures  1,  2,  and  3  show  the 
locations  of  the  A/B-,  B- ,  and  C-scale  ship  arrays.   Table  1  gives  the  dates 
of  these  observation  periods. 

Table  1. — Dates  of  GATE  observation  periods 

Periods Date 

Intercomparison  1  June  17,  18,  19 

Intercomparison  2  August  16,  17,  18 

Intercomparison  3  September  21,  22,  23 

Phase    I  June  26  -  July  16 

Phase   II  July  28  -  August  16 

Phase  III  August  30  -  September  19 


This  report  has  been  prepared  to  familiarize  the  scientific  community 
with  the  U.S.  B-scale  ship  automated  surface  meteorological  and  radiation 
data.   It  describes  the  instrumentation  used  to  observe  and  record  the  data, 
data  quality  assurance  procedures,  data  processing  programs  and  methods,  and 
the  nature  and  format  of  the  data  that  have  been  placed  in  the  archive. 

The  surface  meteorological  and  radiation  data  were  processed  with  com- 
puter programs  at  the  Center  for  Experiment  Design  and  Data  Analysis  (CEDDA) . 
Processing  included  preprocessing  of  original  acquisition  tapes,  central 
processing,  and  final  processing.   Preprocessing  consisted  of  converting 
analog  data  to  digital  data  and  separating  these  multiplexed  data  into  sub- 
system files.   Central  processing  included  converting  new  data  from  recording 
units  to  scientific  units,  automatic  editing,  and  correcting  relative  wind 
measurements  for  ship  heading  and  velocity.   Final  processing  included  re- 
scaling  certain  variables  with  new  transfer  equations,  deleting  certain  data, 
and  calculating  low-resolution  averages. 
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Figure   1. — Ship    array   during  Phase   I. 
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Figure    2. — Ship    array   during  Phase   II. 
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Figure    3. — Ship    array   during  Phase   III, 


Between  the  central  processing  and  final  processing,  manual  data  review 
and  validation  was  carried  out.   Meteorological  variables  were  reviewed  at 
CEDDA,  while  radiation  variables  were  reviewed  at  the  Air  Resources  Labora- 
tories in  Boulder,  Colorado.   As  a  result  of  the  review  and  validation, 
manual  edit  information  and  revised  transfer  equations  were  developed  and 
used  in  the  final  processing. 

Sections  1.1  through  1.4  present  an  overview  of  the  data  acquisition 
system,  sometimes  referred  to  as  the  shipboard  data  system  (SDS) .   Section 
2  gives,  by  instrument  type,  the  sensor  specifications  and  characteristics 
as  defined  by  the  manufacturer.   Section  3  discusses  pre-  and  post-GATE 
calibrations  of  meteorological  and  related  sensors.   The  calibration  of 
radiation  sensors  and  the  derivation  of  radiation  transfer  equations  are 
discussed  in  section  6.   Section  4  describes  the  procedures  for  assuring 
quality  control  aboard  ship.   Section  5  presents  the  details  of  the  data 
processing  by  the  U.S.  National  Processing  center  (NPC) .   Section  6  discusses 
the  validation  of  the  radiation  data  as  carried  out  by  the  Air  Resources 
Laboratories  in  Boulder.   Section  7  gives  an  inventory  of  the  digital  data 
in  the  archives  and  the  format  of  the  data.   Section  7.2  discusses  the  data 
available  on  microfilm. 

Appendices  in  this  report  describe  tape  formats,  the  pre-GATE  inter- 
comparison  of  pyranometers ,  and  the  translocation  of  thermistor  probes  and 
bridges.   Transfer  coefficients  used  in  the  data  processing  for  both  the 
meteorological  sensors  and  the  data  acquisition  modules  are  also  given. 

1.1  Shipboard  Data  System 

The  surface  meteorological  subsystem  (SMSS)  consisted  of  the  pulse  code 
modulation  (PCM)  tape  recording  system,  two  analog-to-digital  converters 
used  as  the  sensor  acquisition  modules  (SAMs) ,  and  meteorological  and 
radiation  sensors.   Figure  4  shows  the  total  system  concept  in  schematic 
form. 

The  GATE  shipboard  data  system  (SDS)  equipment  was  designed  to  gather 
8  hr  of  data  from  any  or  all  of  its  subsystems  onto  one  analog  tape.   The 
data  were  written  in  PCM  form  onto  1  to  7  tracks  of  analog  tape  at  a  real- 
time write  speed  of  1  7/8  in./s.   In  addition  to  the  recording  system,  a  16K 
DEC  PDP  11/20  computer  was  used  on  board  all  ships  except  the  USCGC  Dallas. 

Each  SAM  (bow  and  central)  interrogated  and  multiplexed  a  maximum  of  15 
sensor  channels  every  0.5  s.   The  PCM  output  from  each  SAM  was  then  routed  to 
the  time  division  multiplexer.   This  unit  combined  the  individual  PCM  signals 
into  a  single  data  train  and  converted  this  input  into  a  PCM/FM  output,  which 
was  then  transferred  to  the  data  recording/processing  patch  panel  for 
distribution  to  analog  magnetic  recorders  within  the  data  recording  subsystem. 

The  computer,  when  used,  converted  the  raw  analog  PCM  acquisition  tape 
to  a  digital  "data  base"  tape  containing  all  or  part  of  the  data  acquired 
during  the  8-hr  acquisition  period.   Software  also  enabled  some  data  to  be 
reviewed  by  listing  them  in  engineering  units  and/or  plotter  displays. 
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Simple  analysis  routines  were  available  for  on-board  processing  as  well  as 
quality  control  assessments. 

1.2  The  Bow  Sensor  Acquisition  Module  and  Sensors 

The  bow  system  consisted  of  the  10-m  bow-boom  platform,  SMSS  sensors, 
and  the  bow  SAM.   The  surface  parameters  were  measured  by  sensors  physically 
mounted  on  the  boom  (fig.  5)  and  remoted  with  the  data  signal  routed  to  the 
bow  SAM.   Table  2  lists  the  sensors  by  SAM  channel  and  the  physical  location 
of  each.   In  general,  the  boom-mounted  instruments  were  between  7  and  10  m 
above  the  water. 

1.3  The  Central  Sensor  Acquisition  Module  and  Sensors 

Three  channels  on  the  central  SAM  were  devoted  to  SMSS  sensors  (table  2) 
and  included  wind  speed  and  direction,  precipitation,  and  atmospheric 
pressure.   The  mast  instrumentation  was  mounted  on  the  forward  masts  of  the 
ships  and  ranged  in  height  from  18  to  30  m  depending  on  the  ship. 

1.4  The  Boom  Platform  and  Hardware 

The  bow  boom  system  was  selected  as  a  best  alternative  to  a  meteorolog- 
ical instrumented  buoy.   The  following  criteria  were  used  in  the  hardware 
design: 

1.  Provide  the  best  sensor  exposure  with  the  least  influence  from  the 
ship  and  mounting  platform. 

2.  Minimize  electronic  noise  from  internal  and  external  sources. 

3.  Sensor  accessibility. 

4.  Incorporation  of  on-line  and  off-line  standards  to  routinely  assess 
sensor  performance. 

With  the  above  objectives  in  mind,  the  boom  (fig.  5)  was  constructed  of 
lightweight  tubular  aluminum  tower  sections„with  a  total  length  of  9.1  m  and 
a  triangular  cross-sectional  area  of  550  cm  .   The  tubular  construction  pro- 
vides maximum  structural  strength  and  minimizes  platform  cross-section.   To 
reduce  ship  vibration,  the  boom  was  shock  mounted  at  the  hinge  end  plate, 
while  lateral  stays  and  uphaul  and  downhaul  guys  were  used  as  supports  to 
reduce  horizontal  and  vertical  flexing  of  the  boom.   The  boom  was  attached 
to  a  moveable  davit  at  the  hinge  plate  so  that  the  sensors  were  readily 
accessible  for  servicing.   During  baseline  and  maintenance  operations,  the 
boom  was  swung  inboard  over  the  ship  foredeck. 

During  the  GATE  International  Sea  Trials  (GIST)  conducted  in  August 
1973,  signal  problems  were  encountered  due  to  radio  frequency  interference 
(RFI)  and  to  drift  of  the  SAM  high-gain  amplifiers  with  temperature.   In  an 
attempt  to  minimize  RFI  during  GATE,  all  exterior  cables  were  routed  through 
electrical  conduits  to  provide  weather  protection  as  well  as  RF  shielding. 
The  a.c.  power  cable  to  the  boom  was  routed  through  a  separate  conduit  from 
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the  signal  cable.   The  boom-mounted  Hoffman  box  (fig.  5)  contained  the 
thermistor  signal  conditioner  and  wind  vane  power  supply.   Remoting  the 
signal  conditioner  was  done  to  keep  the  thermistor  leads  as  short  as  possible 
in  an  attempt  to  minimize  RF  pickup.   During  GATE  an  air-conditioned  cubicle 
located  on  the  foredeck  aft  of  the  boom  was  used  to  house  the  SAM,  SAM  power 
supply,  analog  recorders  and  test  instruments,  the  all-sky  camera,  and  the 
main  cable  distribution  panel.   This  eliminated  temperature-related  electronic 
instability  problems. 
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Figure  6. — Aspirated  dry-  and  wet-bulb  radiation 

shields,  microvane,  and  cup  anemometers, 
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SENSOR  CHARACTERISTICS 


During  GIST,  various  types  of  sensors  were  evaluated  for  use  in  the 
GATE  surface  meteorology  program.   Details  of  the  instrument  evaluation  are 
covered  in  earlier  unpublished  reports  (Hanson  and  Poindexter,  1973;  Sabol 
and  Seguin,  1973).   This  section  deals  primarily  with  the  SAM-recorded 
sensors  and  includes  a  description  of  the  instruments  and  associated  hardware, 
sensor  characteristics,  and,  in  general  terms,  the  electronics  necessary  to 
interface  the  sensor  output  with  the  SAM.   The  SAM  was  set  up  to  acquire  a 
d.c.  voltage  input  of  0  to  +  48  mV  d.c,  maximum,  for  the  radiation  channels 
and  0  to  5  V  d.c.  for  the  meteorological  channels. 

2.1  Temperature 

The  temperatures  (dry  bulb,  T  ;  wet  bulb,  T  ;  and  sea  surface,  T  )  were 
measured  with  thermilinear  thermistor  probes  manufactured  by  Yellow  Springs 
Instruments  (YSI) .   The  nominal  sensor  characteristics  are  as  follows: 

1.  Accuracy:   +0.11  C. 

2.  Response  time:   3.6  s  (T.),  and 

d 

^   9.0  s  (T  ,  T  N 
w   s)  . 

3.  Temperature  range:   15  to  45  C. 

4.  Range  of  sensor  output:   0  to  50  V  d.c. 

5.  Sensitivity:  ^   0.1660  V/°C. 

The  dry-  and  wet-bulb  probes  were  housed  in  Gill  aspirated  temperature- 
radiation  shields.   The  shield  assembly  shown  in  figure  6  consisted  of  a 
double  wall  evacuated,  mirrored  glass  cylinder.   Air  was  drawn  up  through 
the  bottom  intake  and  past  the  thermistor  at  a  rate  of  approximately  4.6  m/s. 
The  unit  was  oriented  on  the  boom  with  the  exhaust  port  downwind  of  the  probe. 
Augstein  et  al.  (1973)  showed  that  radiation  errors  are  negligible  for  the 
wet-bulb  measurement  if  the  sensor  is  effectively  ventilated. 

For  the  wet-bulb  measurements,  distilled  water  was  fed  via  a  wick  from 
the  water  reservoir  to  the  thermistor  probe.   The  reservoir  (fig.  6)  was 
mounted  directly  above  the  temperature-radiation  shield  housing  the  probe. 
The  unit  was  contructed  of  acrylic  plastic,  with  all  exterior  surfaces 
painted  with  white  epoxy.   The  "dish,"  convex  upward,  mounted  above  the 
reservoir  served  as  a  radiation  shield  to  reduce  solar  heating  of  the  reser- 
voir water.   As  discussed  by  Hadlock,  Seguin,  and  Garstang  (1972),  acrylic 
plastics  have  small  values  of  thermal  conductivity,  density,  and  specific 
heat.   For  smooth,  white  surfaces,  solar  absorption  is  small. 

The  sea-surface  temperature  probe  was  deployed  as  a  sea  snake.   A  small 
surface  float  attached  to  the  probe  housing  maintained  the  thermistor  at  a 
depth  of  approximately  10  cm.   The  sensor  cable  was,  first,  encased  in  an 
electrical  shielding  to  minimize  RF  interference  and  this,  in  turn,  in  a 
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watertight  plastic  hosing.   The  thermistor  was  encased  in  a  stainless  steel 
protective  housing  to  prevent  damage  to  the  probe.   The  design  did,  however, 
permit  a  free  flow  of  water  around  the  probe. 

2.2  Thermistor  Signal  Conditioner 

A  signal  conditioner  to  provide  a  linearized  d.c.  voltage  output  to 
the  SAM  was  used  for  all  bow-boom  thermistor  measurements.   The  units,  manu- 
factured by  YSI,  contained  seven  thermistor  bridges,  a  5-V  d.c.  power  supply, 
and  two  precision  calibration  resistors  corresponding  to  temperatures  of 
22   and  32  C.   The  0-  to  5.0-V  d.c.  bridge  output  corresponded  to  a  thermistor 
input  over  the  range  of  15   to  45  C.   During  baseline  operations,  the  calib- 
ration resistances  were  switched  in  to  check  each  bridge  output  at  the  two 
calibration  points.   The  bridge  circuit  excitation  voltage  was  recorded  on 
channel  6  (table  2)  and  provided  a  continuous  monitor  of  the  signal  condit- 
ioner power  supply.   Since  the  bridge  output  is  proportional  to  the  excita- 
tion voltage,  temperature  corrections  can  be  applied  if  the  bridge  becomes 
unbalanced  due  to  changes  in  power  supply  voltage.   However,  the  excitation 
voltage  on  all  U.S.  ships  was  extremely  stable  throughout  GATE. 

2.3  Wind  Speed 

The  wind  speed  was  measured  with  Gill  three-cup  anemometers  manufactured 
by  R.  M.  Young.   The  nominal  sensor  specifications  are  as  follows: 

1.  Threshold:   0.45  to  0.54  m/s. 

2.  Distance  constant:   2.7m  for  63  percent  recovery. 

3.  Meteorological  range:   0  to  22.4  m/s. 

4.  Range  of  sensor  output:   0  to  2.4  V  d.c. 

5.  Sensitivity:  ~  1.33  mV/0. 01219  m/s. 

The  anemometer  and  wind  vane  were  mounted  on  a  T-shaped  mounting  arm  on 
the  upwind  side  of  the  boom. 

2.4  Wind  Direction 

The  sensor  used  to  measure  wind  direction  was  the  Gill  microvane 
manufactured  by  R.  M.  Young.   Its  nominal  specifications  are: 

1.  Threshold:   0.45  to  0.54  m/s. 

2.  Delay  distance:  -^   0.9  m  for  50  percent  recovery. 

3.  Meteorological  range:   0   to  342   (5  percent  electrical  dead-band). 

4.  Range  of  sensor  output:   0  to  5.0  V  d.c. 

5.  Sensitivity:  -^2.7  ohms/degree. 
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The  electrical  dead-band  was  oriented  toward  the  stern  of  the  ship 
parallel  to  the  longitudinal  axis. 

2,5   Atmospheric  Pressure 

There  were  two  pressure  sensors  on  each  ship:   the  Kollsman  resonant 
capsule  pressure  transducer  and  the  Rosemount  pressure  sensor.   The  Kollsman 
transducer  is  an  aneroid  capsule  which  is  forced  to  vibrate  at  a  frequency 
dependent  upon  its  shape.   The  Rosemount  sensor  is  a  drum-like  transducer 
with  a  membrane  that  moves  inward  or  outward  depending  upon  external  pressure. 
As  the  membrane  moves,  the  capacitance  of  the  sensor  changes,  a  quantity 
which  is  then  measured  and  converted  to  pressure.   The  static  head  for  the 
Kollsman  sensor  was  mounted  on  the  boom  and  that  for  the  Rosemount  on  the 
mast . 

2.6   Radiation 

The  boom-mounted  radiation  sensors  consisted  of  the  upfacing  and  down- 
facing  pyranometers  and  the  net  radiometer.   Deck-mounted  units  included  the 
sunphotometer ,  pyrheliometer ,  and  pyrgeometer. 

2.7   Ship  Speed  and  Heading 

Ship  heading  was  acquired  by  a  potentiometer  mounted  on  a  gyro  repeater 
which  was  connected  to  the  main  gyro  compass.   Ship  speed  was  acquired  by  a 
Sperry  Doppler  system  on  the  Gilliss  and  by  flow  meters  on  the  remaining 
three  ships. 

2.8  Precipitation 

A  special  syphon  rain  gage  was  developed  for  the  U.S.  GATE  ships.   One 
was  mounted  on  the  bow  boom  and  another  on  the  foremast.   These  rain  gages 
and  the  data  derived  from  them  is  the  subject  of  a  forthecoming  NOAA  Technical 
Report  ("U.S.  National  Processing  Center  for  GATE:   B-Scale  Ship  Precipitation 
Data,"  by  Ward  R.  Seguin  and  Raymond  Crayton) . 
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3.   PRE-  AND  POST-GATE  CALIBRATIONS 


Before,  during,  and  after  GATE,  all  sensors  and  component  subsystems 
were  calibrated  or  intercompared,  and  the  results  were  used  in  the  develop- 
ment of  transfer  equations.   For  some  sensor  acquisition  systems,  individual 
components  were  calibrated  separately,  and  a  combined  transfer  equation  was 
derived  to  convert  from  raw  acquisition  units  to  scientific  Units.   For 
example,  temperature  thermistors,  thermistor  bridges,  and  the  SAMs  were  all 
calibrated  separately.   For  other  sensors,  including  the  mast  wind  direction 
sensors  and  the  ship  heading  sensor,  calibrations  were  carried  out  as  a 
single  unit,  from  the  sensor  through  the  SAM.   The  transfer  equations  for 
the  radiation  sensors  were  developed  as  a  result  of  the  analysis  and  vali- 
dation of  the  radiation  data.   Tables  3  and  4,  and  table  8  in  section  6, 
give  the  transfer  equations  determined  before  and  after  GATE.   Appendix  D 
contains  a  summary  of  the  sensor  and  SAM  transfer  equations  used  in  the 
data  processing. 

3.1  Temperature  Sensors 

The  thermistors  for  measuring  air  temperature,  wet-bulb  temperature,  and 
sea-surface  temperature  were  calibrated  before  and  after  GATE  in  May  and 
November  1974.   A  third  calibration  of  the  sea-surface  probes  was  carried 
out  in  December  1975  because  of  some  uncertainties  in  the  previous  calibra- 
tions. 

The  thermistor  probes  were  calibrated  by  means  of  a  Masterline  2095 
temperature  water  bath  and  circulator.   Each  probe  was  connected  to  the 
signal  conditioner  bridge,  and  the  output  voltage,  V  ,  of  the  signal  condit- 
ioner bridge  was  measured  as  a  function  of  temperature.   The  calibration 
was  carried  out  in  1  C  intervals  over  the  range  of  19  to  35  C  as  a  function 
of,  first,  increasing  temperature,  and  then  decreasing  temperature.   The 
same  standard,  a  National  Bureau  of  Standards  (NBS)  traceable  mercury 
thermometer  (bomb  calorimeter),,  was  used  for  all  probes. 

Table  3  shows  t  »a  transfer  equation  coefficients  resulting  from  the 
pre-  and  post-GATE  calibrations.   The  underlined  values  are  those  used  in  the 
final  processing.   Also  shown  are  equivalent  temperatures  for  1.6-  and  2.2- 
V  output  by  the  signal  conditioners.   The  differences  between  the  pre-  and 
post-  calibrations  are  generally  less  than  0.1  C.   The  Dallas  sensor  134 
and  the  Researcher  sensor  126  failed  before  the  last  calibration. 

Proper  and  accurate  thermistor  calibration  required  that  the  thermistor 
be  calibrated  while  connected  to  the  same  bridge  mounting  used  during  the 
field  operations.   Most  of  the  thermistors  were  calibrated  in  this  manner. 
However,  a  few  thermistors  were  calibrated  through  different  bridges.   For 
these  sensors  it  was  necessary  to  determine  the  bridge  calibration.   The 
method  used  to  mate  the  bridge  calibration  with  the  sensor  calibration  is 
discussed  in  appendix  C. 

The  signal  conditioners  contained  seven  separate  thermistor  bridges  and 
two  precision  fixed  resistances  (calibration  positions  1  and  2) ,  which  corr- 
esponded to  temperatures  of  22   and  32  C.   The  calibration  of  each  bridge 
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consisted  of  measuring  the  output  voltage,  VOJ  as  a  function  of  resistance, 
A  standard  precision  resistance  decade  box  was  used  for  this  test.   The  res- 
istance was  varied  over  the  range  of  6500  to  11,999  ohms  in  500-ohm  intervals. 
Following  the  resistance  test,  the  output  voltage  of  each  bridge  for  the  two 
calibration  positions  and  the  output  of  the  bridge  excitation  voltage,  V    , 

u        i   J  oex 

were  checked. 

3.2  Wind  Sensors 

The  13  R.  M.  Young  cup  anemometers  were  calibrated  as  stand-alone  sensors 
in  the  wind  tunnel  facility  of  the  Department  of  Environmental  Sciences, 
University  of  Virginia,  before  and  after  the  experiment.   The  wind  tunnel 
used  was  a  large-volume,  low-speed  unit.   The  individual  sensors  were  cali- 
brated over  the  range  of  approximately  0.5  to  16.0  m/s. 

The  calibration  consisted  of  measuring  the  voltage  output,  V  ,  of  the 
anemometer  generator  vs.  the  tunnel  wind  speed  corrected  for  atmospheric 
pressure,  temperature,  and  humidity.   Two  runs  were  made  for  each  sensor: 
increasing  wind  speed  from  approximately  0  to  16  m/s  and  decreasing  from  16 
to  0  m/s  in  21  incremental  steps.   Each  step  corresponded  to  an  increase   or 
decrease  of  0.5  in  the  tunnel  drive  motor  speed.   In  practice,  the  anemometer 
was  allowed  to  settle  down  at  each  motor  setting  for  about  5  min. 

Table  4  shows  the  transfer  equation  coefficients  resulting  from  the 
pre-  and  post-GATE  calibrations  of  the  stand-alone  sensors.   Pre-GATE  trans- 
fer equation  were  used  in  the  final  processing.   With  the  exception  of  the 
boom  wind  speed  sensor  on  the  Gilliss ,  differences  between  pre-  and  post- 
GATE  transfer  equations  were  generally  less  than  0.3  m/s. 

An  1800-rpm  constant-speed,  synchronous  drive  motor  was  used  for  all 
baseline  checks  at  sea.   The  initial  calibration  consisted  of  checking  the 
anemometer  output  voltage  corresponding  to  a  rotation  of  1800  rpm.   All  sub- 
sequent baseline  values  obtained  at  sea  were  referenced  to  the  initial  value. 

Before  GATE,  the  wind  vanes  were  calibrated  in  position  on  the  boom  and/ 
or  mast  from  the  sensor  through  the  SAMs .   In  the  case  of  the  boom  vanes,  the 
dead-band  was  oriented  parallel  to  the  boom  facing  aft  (180   relative  to 
the  boom  outboard).   The  initial  sighting  in  of  the  vane  relative  to  the 
boom  and  the  boom  relative  to  the  centerline  of  the  ship  was  done  with  a 
theodolite.   The  vane  was  rotated  first  clockwise,  then  counterclockwise, 
taking  readings  of  output  voltage,  V  ,  vs .  relative  position  in  degrees 
rotation.   The  calibration  positions  corresponded  to  vane  headings  of  10,  60, 
120,  180,  240,  300,  and  357  .   Second,  the  vane  was  locked  in  position  with 
a  pin  and  collar  device,  and  VQ  readings  were  taken  at  the  four  baseline 
check  positions  of  0,  90,  180,  and  270°.   The  full  calibration  (above  proce- 
dure) was  carried  out  only  for  the  four  boom-mounted  vanes.   In  the  case 
of  the  mast  vanes,  the  deadband  was  located  180   relative  to  the  longitu- 
dinal axis  of  the  ship.   Following  the  experiment,  the  outputs  of  the 
sensors  were  checked  for  linearity  but  were  not  recalibrated. 
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3.3   Pressure  Sensors 

Three  of  the  four  Kollsman  pressure  sensors  were  factory  calibrated 
immediately  before  GATE,  and  the  fourth,  used  on  the  Dallas ,  nearly  1  year 
before.   Following  the  experiment,  all  units  were  calibrated  by  the  National 
Bureau  of  Standards  (NBS) .   Table  5  gives  the  pressure  equivalents  for  the 
Kollsman  output  (counts)  derived  from  the  pre-  and  post-GATE  calibrations. 
The  largest  difference,  a  change  of  0.24  mb ,  was  shown  by  sensor  454,  which 
was  used  on  the  Dallas . 

3.4   Ship  Heading  and  Speed  Sensors 

The  ship  heading  sensors  were  precision  potentiometers  interfaced  to 
one  of  the  ship's  gyro  repeaters.   All  units  were  calibrated  statically  by 
manually  rotating  the  output  potentiometer  in  incremental  steps  and  record- 
ing the  output  vs.  the  ship  headings.   The  ship  speed  sensors  were  also 
calibrated  by  placing  the  sensor  in  a  "simulate"  mode  and  recording  the  out- 
put in  incremental  steps. 
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4.   PROCEDURES  FOR  ASSURING  QUALITY  CONTROL  AT  SEA 

The  operating  procedures  for  the  surface  meteorological  system  were 
designed  to  assure  data  of  high  quality.   Systematic  procedures  were  set  up 
to  check  the  SAMs  and  sensors  individually.   Five  operating  modes  for  the 
bow  and  central  SAMs  were  defined  and  used  operationally  at  sea: 

1.  Acquisition  (bow  and  central  SAM). 

2.  Simulate  (bow  and  central  SAM). 

3.  Baseline  substitution  (bow  SAM  only). 

4.  Baseline  full  (bow  SAM  -  central  SAM). 

5.  Maintenance  (bow  SAM  -  central  SAM). 

Figure  7  schematically  illustrates  the  operational  modes  and  the  components 
they  included  relative  to  the  bow-boom  hardware. 

The  normal  mode  was  the  data  acquisition  mode.   The  boom  was  in  an  out- 
board position  and  sensors  were  acquiring  real  data. 

The  simulate  mode  was  designed  for  checking  the  SAM  calibration  and 
stability.    A  switch  on  the  SAM  enabled  the  operators  to  take  the  sensors 
off  line  and  input  precision  fixed  voltages  of  0,  4,  8,  and  40  mV,  and  2 
and  4  V.   The  simulation  was  performed  three  times  per  day  or  once  for  every 
PCM  acquisition  tape.   The  SAM  outputs  corresponding  to  these  precision  input 
voltages  were  checked  against  strip  charts,  computer  readouts,  binary 
values  on  the  voltage  digitizer  box  and  on  the  decommutation  display  units. 
These  test  data  were  compared  with  established  "tolerance  windows"  for  each 
SAM  channel. 

The  baseline  substitution  was  designed  for  checking  the  YSI  thermistor 
bridges  and  the  boom  rain-gage  electronics.   To  check  the  thermistor  bridges, 
precision  resistances  corresponding  to  ambient  temperatures  of  22  and  32  C 
were  switched  in,  replacing  the  YSI  thermistors.   This  test  together  with 
a  simultaneous  reading  of  the  bridge  excitation  voltage,  V    ,  was  used  to 
assess  the  performance  of  each  individual  bridge,  and  was  conducted  routinely. 
The  outputs  were  checked  in  the  same  way  as  for  the  simulate  mode. 

Table  6  gives  the  maximum  possible  temperature  deviations  due  to  the 
temperature  bridges  and  the  SAM  instabilities  based  upon  baseline  substitut- 
ions.  As  seen,  the  hardware  associated  with  the  thermistor  bridges  and  the 
SAM  were  extremely  stable,  with  maximum  deviations  of  less  than  0.05  C. 

The  baseline  full  testing  was  used  for  checking  the  entire  system 
(sensor  through  to  SDS) .   During  the  test,  the  sensors  were  on-line  in  a 
'controlled  environment  and  compared  against  independent  standards.  At  sea, 
these  tests  were  performed  on  the  boom  temperature,  precipitation,  and  wind 
sensors.   The  temperature  sensors  were  placed  in  a  stirred,  water-filled 
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container  and  the  readings  compared  with  the  working  standard  mercury  therm- 
ometer.  Wind  speed  sensors  were  rotated  at  a  fixed  1800  rpm_,and  wind  direc- 
tion sensors  were  locked  in  position  in  the  four  cardinal  directions  relative 
to  the  boom.   The  rain-gage  test  consisted  of  pouring  a  standard  volume  of 
water,  250  ml,  through  the  sensor  at  a  predetermined  drip  rate  for  a  period 
of  20  min.   The  outputs  were  checked  by  the  same  readout  methods  as  previously 
described. 

The  maintenance  mode  was  used  whenever  sensors  were  replaced,  during 
periods  of  cleaning  and  preventative  maintenance,  and  whenever  the  system 
was  down  for  test  and/or  repair. 

At  sea,  quality  assurance  spot  checks  were  conducted  on  a  nonscheduled 
basis.   This  consisted  of  comparing,  in  real  time,  manual  instrument  readings 
with  the  automatically  acquired  data.   These  "ball  park"  comparisons  were 
intended  as  a  means  of  identifying  possible  sensor  and/or  system  malfunctions 
in  as  real  time  as  possible.   During  in-port  periods,  baseline  testing  and 
maintenance  was  performed  on  the  mast  wind  and  precipitation  sensors. 

The  order  and  frequency  of  the  various  operating  modes,  and  the  details 
of  the  procedures  used  have  been  described  by  Echternacht  (1974a,  1974b) . 
Field  personnel  deviated  somewhat  from  the  operations  schedule,  making  it 
necessary  for  data  users  to  go  through  the  data  logs  (GATE  Worksheet  42)  to 
determine  how  the  data  quality  control  procedures  were  carried  out. 
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Figure  7. — The  SDS  components  involved  in  the  various 

operational  modes  for  the  bow-boom  hardware. 
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5.   DATA  PROCESSING 

The  GATE  surface  meteorological  data  were  processed  in  several  discrete 
steps:  preprocessing,  central  processing,  review  and  validation,  and  final 
processing.   The  meteorological  and  radiation  data  were  all  passed  through 
these  processing  steps  at  the  U.S.  National  Processing  Center,  CEDDA.   Review 
and  validation  of  the  meteorological  data  were  also  performed  by  CEDDA,  while 
the  Air  Resources  Laboratories  (ARL)  in  Boulder  reviewed  and  validated  the 
radiation  data.   The  results  of  ARL's  analysis  is  the  subject  of  section  6. 
Discussion  of  review  and  validation  prcedures  in  this  section  is  limited  to 
meteorological  variables. 


5.1  Preprocessing 

The  SDS  collected  data  from  up  to  six  instrumentation  subsystems  and 
recorded  them  on  one  of  six  tracks  of  an  analog  magnetic  tape  in  a  pulse- 
code-modulation  (PCM)  form.   The  date  and  time  of  day  was  continuously  recor- 
ded on  the  seventh  track  of  the  PCM  tape.   On  the  data  tracks,  information 
was  collected  as  16-bit  words,  forming  256-bit  data  frames.   The  frames  of 
data  from  the  SDS  were  recorded  continuously  onto  PCM  tapes.   There  were  two 
PCM  tape  recorders  with  each  SDS.   The  tapes  were  changed  three  times  per 
day  by  mounting  new  tapes,  recording  in  parallel  on  both  tapes  for  a  short 
time,  and  then  dismounting  the  full  tapes.   Each  tape  contained  approximately 
8  hr  of  information  with  a  short  period  of  overlap. 

The  PCM  tapes  were  decommutated  and  processed  by  the  PDP-11  using 
the  Acquisition  Program.   It  was  the  function  of  this  program  to  convert 
the  data  from  a  PCM  track-per-system  format  to  the  800-BPI  NRZI  format, 
which  is  readable  by  most  modern  computers.   The  Acquisition  Program  produced 
one  2400-ft  reel  of  digital  tape  for  each  PCM  tape,  or  approximately  8  hr  of 
data. 

The  Acquisition  Program' s  output  tape  was  then  run  through  the  Clean-Up 
Program.   This  program  prepared  the  data  for  the  Strip  Program,  which  follow- 
ed, by  manipulating  and  correlating  data  record  times  to  ensure  that  incom- 
ing groups  of  records,  called  partitions,  contained  complete  logical  records. 

The  Strip  Program  stripped  the  data  from  the  Clean-Up  Program  output 
file  and  set  up  continuous  time-series  files  for  each  subsystem,  including 
the  surface  meteorological  and  radiation  subsystems.   One  of  the  Strip 
Program  outputs  was  a  digital  tape  (called  the  acquisition  file)  containing 
surface  meteorological  and  radiation  data,  which  were  then  processed  by  the 
Surface  Meteorological  Data  Subsystem  Program,  discussed  below. 

5.2   Central  Processing 

The  central  processing  program  was  the  Surface  Meteorological  Data 
Subsystem   (SMDSS)  Program.   This  program  made  the  first  pass  on  the  data 
and  was  designed  to  convert  the  data  from  recording  units  to  scientific 
units,  convert  the  relative  wind  velocities  to  true  wind  velocities,  and 
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automatically  edit  the  data.   Central  processing  also  included  generation  of 
4-s  average  microfilm  time-series  plots  for  the  review  and  validation  discus- 
sed in  section  5.3 

The  flow  chart  for  the  SMDSS  Program  is  shown  in  figure  8.   The  program 
had  three  different  and  separate  start  procedures,  and  their  use  depended 
upon  the  following: 

o    the  run  was  on  the  first  acquisition  data  tape  of  a  series  of  tapes 
of  a  continuous  data  period; 

o    the  run  was  on  an  acquisition  data  tape  following  the  first  tape, 
and  there  were  no  changes  in  sensor  transfer  equations;  or 

o    the  run  was  on  an  acquisition  data  tape  following  the  first  tape, 
and  there  were  changes  in  sensor  transfer  equations. 

In  processing  the  initial  tape  of  a  series  of  tapes  of  a  continuous  set 
of  data,  the  program  first  read  a  master  list  of  constants.   This  list  of 
constants  defined  sensor  identification  and  serial  numbers,  transfer  equat- 
ions, and  reasonable  maximum  and  minimum  values  for  each  variable  used  in 
editing.   The  constants  were  then  saved  on  an  output  file  of  the  SMDSS 
Program  at  the  termination  of  processing  of  the  initial  acquisition  tape. 
This  output  file  was  called  the  partially  processed  file  (PPF) . 

With  the  start  of  processing  of  the  second,   and  subsequent,  acquisition 
tapes,  the  SMDSS  Program  read  the  PPF  that  contained  the  constants  of  the 
master  list  and  partial  sums  of  averages  of  data  spanning  the  first  and 
second  tapes  (or  adjacent  tapes) .   On  restarts  it  was  occasionally  necessary 
to  modify  some  of  the  transfer  equations  for  certain  data.   When  this  was 
required,  the  PPF  and  then  an  updated  master  list  were  read. 

On  the  initial  run,  the  SMDSS  Program  was  required  to  set  up  tables 
and  a  directory  in  order  to  keep  track  of  sensor  identification  numbers, 
serial  numbers,  and  transfer  equations;  to  determine  which  sensors  collected 
the  data;  and  to  compute  the  number  of  sensors  measuring  each  variable. 
This  was  particularly  important  to  ensure  that  each  incoming  data  value  was 
processed  with  the  proper  constants.   These  tables  and  the  directory  were 
saved  from  one  tape  to  the  next  through  the  PPF. 

The  program  was  also  required  to  properly  position  the  acquisition  file 
of  the  next  tape  to  that  of  a  previously  terminated  run  if  termination 
occurred  before  the  end  of  the  data  had  been  reached. 

Once  the  SMDSS  Program  had  completed  all  preliminary  steps  mentioned 
above,  it  read  records  of  meteorological  and  navigation  data  and  began 
processing  with  subroutine  CLOUD.  This  subroutine  converted  the  raw  data 
from  recording  units  (counts)  to  scientific  units,  compared  the  data  with 
reasonable  maximum  and  minimum  values,  compared  data  on  the  same  variable 
but  measured  by  different  sensors,  and  converted  the  relative  wind  velocities 
to  true  wind  velocities  using  ship  heading  and  velocity.   Only  the  Kollsman 
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Figure  8. — The  SMDSS  Program. 
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pressure  data  required  nonlinear  transfer  equations  (sec.  3).   All  pressure 
transfer  equations  were  adjusted  so  that  the  pressures  were  true  at  sea 
level.   The  program  also  kept  track  of  how  long  a  particular  sensor  or 
variable  was  bad  and  printed  this  information  out  for  later  diagnostic  review. 

Each  half-second  value  of  relative  wind  direction  was  corrected  as 
follows  for  ship  velocity  and  heading: 

First  the  direction  corrected  for  ship  heading  was  calculated, 

dd   =  dd  +  H, 
c     r 

where 

dd   =  relative  or  raw  wind  direction  in  degrees,  and 
r 

H  =  ship  heading  in  degrees. 

If  dd  was  less  than  zero,  360  were  added  to  it.   Using  the  relative 

wind  speed  ff  ,  the  u  -  and  v  -  components  of  the  relative  wind  were  calcul- 

.-  j         r       r       r 
ated; 


u  =  ff  *  sin  [(dd   -  180) All, 
r     r       |_   c         J 

v  =  ff  *  cos  T(dd   -  180)  I -A. 
r     r       L   c 


The  u-  and  v-components  of  the  ship's  velocity  (u  ,  v  ,  respectively)  were 

added  to  u   and  v   to  produce  the  components  of  the  absolute  velocity  of  wind 

r      r 
(u  ,  v  ,  respectively) . 
a    a 

u  =  u  +  u  and  v  -  v  +  v  , 
a    r    s      a    r    s 

and  the  magnitude  and  direction  of  the  winds  were  calculated  using 

2  2X 

ff   =  (u   +  v 
a    \  a     a 


and 


9  / 

dd   =  ARCTAN2(u  ,  v  )  *  tt  +  180°.- 
a  a   a 


"The  ARCTAN2  is  a  special  IBM  360/65  computer  function  that  returns 
angles  between  -  180  and  +  180  ,  and  angles  increase  in  a  positive  sense, 
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Once  the  u  -  and  v  -components  of  the  wind  had  been  calculated,  all  the 
scalar  variablel  (Including  the  u-  and  v-components  of  the  wind)  were  edited 
with  a  3-standard  deviation  rejection  scheme.  Three  minutes  of  data  from 
each  variable  (360  values  for  the  0.5-s  data)  were  used  to  calculate  a  3-min 
average  and  standard  deviation.  Any  values  exceeding  plus  or  minus  3  stand- 
ard deviations  of  the  mean  were  flagged  as  erroneous  data. 

The  program  then  calculated  a  4-s  average  from  the  unflagged  data  and 
placed  these  on  an  output  file.   At  the  same  time,  the  program  accumulated 
these  4-s  aveages  to  calculate  hourly  averages  and  hourly  ovservations .   The 
hourly  averages  were  calculated  by  summing  data  from  00.0  to  59.9  min  of  each 
hour.   The  hourly  observations  were  calculated  by  summing  and  averaging  each 
variable  except  pressure  from  50.0  to  59.9  min  of  each  hour.   Pressure  was 
summed  and  averaged  from  55.0  to  04.9  min  of  each  hour. 

If  any  of  the  components  used  to  calculate  the  true  wind  speed  were 
missing,  such  as  the  ship's  heading  or  the  ship's  velocity,  the  true  wind 
velocity  and  its  components  were  not  computed.   Average  wind  directions 
were  calculated  from  corrected  average  wind  components, 

dd   =  ARCTAN2  (u  ,  v  )  *  it  +  180, 
a  a   a 

where  the  averaging  interval  (shown  by  the  bar)  varied  from  4  s  to  1-hr 
average. 

The  average  wind  speeds  were  not  computed  from  the  wind  velocity  compo- 
nents.  The  corrected  half-second  wind  speeds  were  used  to  calculate  4-s 
average  scalar  wind  speeds,  and  from  these,  the  hourly  averages  and  observa- 
tions were  calculated. 

The  program  generated  an  output  file  of  digital  4-s  averages,  which 
were  used  in  generating  microfilm  time-series  plots.   The  time-series  plots, 
in  turn,  were  used  in  data  validation  and  review,  discussed  below. 

The  SMDSS  Program  terminated  when  it  reached  the  end  of  the  input  data 
files.   It  then  saved  the  PPF,  which  contained  the  master  list  of  constants, 
the  partial  sums  of  averages,  and  the  directory  of  incoming  data. 

5.3   Data  Review  and  Validation 

The  data  were  reviewed  and  validated  in  several  ways.   First,  the  time- 
series  plots  of  4-s  average  data  were  reviewed  for  bad  data  that  the  automatic 
editing  schemes  of  the  SMDSS  Program  had  failed  to  catch.   For  example,  radio 
transmissions  often  interfered  with  the  temperature  data  and  occasionally 
the  wet-bulb  wicks  dried  out.   The  hourly  observations  were  compared  with 
the  standard  WMO  marine  observations  made  on  every  ship.   This  was  accomplish- 
ed by  computer.   In  addition,  the  observations  from  the  formal  Intercompari- 
sons  were  available  for  most  of  the  ships  that  participated  in  them,  and 
these  were  also  used  for  validation  purposes.   The  results  of  the  analysis 
of  the  international  data  are  available  in  a  Convection  Subprogram  Data 
Center  report  (Godshall  et  al.,  1976). 
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The  times  of  the  erroneous  data  were  noted  for  deletion  in  the  final 
processing  discussed  in  section  5.5.   In  instances  where  serious  biases  were 
noted  and  could  be  explained,  new  transfer  equations  were  derived  and  applied 
to  the  data  in  final  processing. 

5. A   Peculiarities  in  the  Meteorological  data 

Each  of  the  sensors  used  had  its  own  particular  difficulty,  and  the 
behavior  of  some  sensors  varied  from  ship  to  ship.   The  variables  and 
the  sensing  systems  used  to  measure  them  are  discussed  in  detail  below. 

5.4.1  Temperature 

All  the  temperature  data,  including  the  dry-  and  wet-bulb  temperatures 
and  the  sea-surface  temperatures,  were  degraded  by  RF  noise  caused  by  the 
ships'  radios.  Figure  9  shows  an  example  of  this  problem  in  the  temperature 
data,  collected  by  the  Oceanographer ,  which  operated  its  radios  intermittently 
throughout  the  day.   The  Dallas  generally  restricted  its  transmissions  to 
the  periods  0800  to  0900  and  2100  to  2200  GMT. 

In  the  wet-bulb  temperature  sensors,  the  wet-bulb  wick  occasionally 
dried  out.   This  problem  was  most  serious  during  Intercomparison  1  (IC  1). 
Subsequently,  the  design  of  the  wet-bulb  wick  wetting  system  was  changed, 
and  the  problem  was  almost  completely  resolved.   On  the  Gilliss  however,  the 
problem  remained  an  intermittent  one. 

The  sea-surface  temperatures  contained  two  additional  sources  of  error 
in  addition  to  the  RF  noise  mentioned  above.   First,  whenever  the  sensor 
was  pitched  out  of  the  water  because  of  ship  motion,  or  when  the  sensor  was 
lifted  out  of  the  water,  the  wet-bulb  cooling  effect  could  be  seen  in  the 
data  as  erroneously  cool  temperatures.   The  second  source  of  error  was  caused 
by  pools  of  engine  cooling  water  (warm  water) ,  which  stagnated  around  the 
ship.   This  problem  was  particularly  acute  during  IC  3.   Figure  10  shows  an 
example  of  the  warm  engine  cooling  and  its  influence  on  the  sea-surface 
temperatures  around  the  Gilliss .   The  Oceanographer  had  a  similar  problem, 
but  its  effects  were  not  as  evident  as  on  the  Gilliss  and  therefore  were  more 
difficult  to  isolate  and  remove. 

In  general,  all  these  effects  on  the  temperature  data  were  removed  from 
the  final  archived  data.   There  were  periods  during  IC  3  for  the  Oceanographer 
when  removing  the  warm  water  effects  of  the  engine  would  have  meant  deleting 
a  large  percentage  of  the  data. 

5.4.2  Wind  Direction  and  Speed 

The  quality  of  the  procesed  and  archived  wind  data  depends  not  only 
upon  the  quality  of  the  relative  wind  speeds  and  directions  measured  on  ships 
but  also  upon  the  ships'  heading  and  velocity  data.   The  ship  heading  data 
were  derived  from  the  main  gyros  on  each  ship.   Ship  velocities  were  derived 
from  the  navigation  data,  which  have  been  archived  at  the  National  Climatic 
Center,  Asheville,  North  Carolina.   The  processing  of  these  data  is  discussed 
in  a  report  now  in  preparation  (Seguin  and  Crayton,  1977). 
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The  wind  speed  and  direction  sensors  yielded  very  good  data.   The  exter- 
ior shell  of  the  Researcher' s  mast  wind  direction  sensor  rotated  47   hefore 
the  start  of  IC  1.   The  sensor  was  readjusted  after  IC  1,  and  no  problems 
were  encountered  during  the  remainder  of  GATE.   The  data  for  IC  1  were 
corrected  based  upon  the  result  of  a  comparative  analysis  of  the  data  from 
the  Researcher  and  other  international  ships. 

The  Dallas'  boom  wind  speed  data,  which  have  been  archived,  are  question- 
ably low  for  the  time  periods  of  Phase  III  shown  in  table  7.   The  problem  is 
believed  to  be  linked  to  a  faulty  sensor. 


Table  7. —  Questionable  Dallas  bow-boom  wind  speed  data 


Fr 

om 

To 

Date 

Time  (GMT) 

Date 

Time  (GMT) 

Sept.   8 
Sept.   9 
Sept.  11 
Sept.  12 
Sept.  16 

0600 
0900 
2200 
1300 
1400 

Sept.   8 
Sept.  10 
Sept.  12 
Sept.  15 
Sept.  18 

2200 
0700 
0000 
0600 
0100 

The  Dallas  ship  heading  data  required  special  processing  because  of 
sensor  abnormalities  discussed  in  the  next  section. 

The  Gilliss  data  exhibited  two  other  peculiarities.   First,  the  ship 
would  steam  occasionally  with  the  wind  and  sometimes  at  approximately  the 
same  speed  as  the  mean  wind  speed.   In  such  instances,  the  boom  anemometer 
cups  would  stop.   Yet  the  indicated  wind  speed  was  greater  than  zero.   The 
velocity  of  the  ship  was  not  zero,  however,  and  it  is  this  velocity  that 
caused  the  non-zero  wind  speed. 

Second,  the  rocking  motion  of  the  Gilliss  frequently  shows  up  in  the 
wind  speeds  and  directions  as  measured  by  both  mast  and  boom  sensors.   This 
feature  is  most  noticeable  during  periods  of  light  wind  speed.   Figure  11 
shows  this  effect  in  some  0.5-s  data.   Note  that  amplitude  of  the  oscillations 
in  the  mast  wind  directions  exceeds  that  of  the  boom. 


5.4.3   Ship  Speed  and  Heading 

The   ship   speeds    as   measured  by   underwater  sensors    are   of   poor-to-useless 
quality   for   all   the   U.S.    ships.      Relative   changes    in   the   speeds    are   discern- 
ible  for    the   Oceanographer   and   Dallas ,   but   the  magnitudes    are  not    correct. 
The   Gilliss   sensor   apparently    failed   after  Phase   I   and   the   Researcher's 
sensor  was   not    recorded   after    Intercomparison  2.      None   of   these   ships'    speeds 
were   used   as   part   of   the   ship  velocity   corrections    to    the  wind   speeds. 
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Figure  11. — Example  of  oscillations  in  Gilliss  0.5-s 
wind  speed  data  caused  by  ship's  roll. 


CLOCKWISE  TURN 


360° 


TIME 


COUNTER-CLOCKWISE  TURN 


31 


360- 

300- 

B        240- 

§        180- 

uu 

Q        120- 

60 


360° 


313° 


jL 


TRUE  DEAD  BAND  POTENTIAL 


TIME' 


Figure  12. — Dallas  indicated  ship  headings  for 

clockwise  and  counterclockwise  turns 
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The  Dallas  was  the  only  ship  that  had  problems  with  its  ship  heading 

sensing  system.   The  principal  problem  originated  with  the  potentiometer, 

which  was  mounted  on  a  repeater  of  the  main  gyro  compass  and  had  abnormally 

large  contact  strips  at  each  end.   The  net  result  was  a  loss  of  continuous 

o        o 
direction  information  between  313   and  360  ,  since  the  voltage  put  out  by 

the  potentiometer  was  constant  for  the  directional  width  of  the  strip. 

Figure  12  shows  a  time-series  plot  of  the  ship  heading  for  a  clockwise  and 

for  a  counterclockwise  turn.   For  a  clockwise  turn,  the  indicated  ship 

headings  in  passing  from  313   to  360  would  stall  for  a  while  on  313   and 

then  exhibit  an  exponential  decay  and  finally  jump  to  360  ,  remaining  there 

until  the  ship  heading  had  reached  01  .   This  exponential  decay  was  due  to 

the  falloff  in  the  electrical  potential  through  the  potentiometer  as  shio 

headings  passed  through  the  true  dead-band  of  the  potentiometer. 

To  determine  the  width  of  the  contact  strips  in  terms  of  ship  heading  in 

degrees,  an  analysis  was  made  of  the  Dallas  heading  data  for  periods  when 

o       o 

the  ship  made  a  continuous  and  uniform  turn  through  313   to  360  .   Only 

cases  where  the  rate  of  turn  was  held  constant  were  used.   It  was  found  that 

while  the  ship  heading  was  indicated  as  313  ,  the  direction  could  be  any 

value  between  and  including  313   and  334  .   For  an  indicated  direction  of 

360  ,  the  ship  heading  could  have  been  338   to  360  .   The  true  dead-band 

o       o 
of  the  potentiometer  was  335   to  337  .   In  an  attempt  to  recover  what  amount- 
ed to  lost  ship  heading  data  and  hence  wind  velocity  data,  a  value  of  324 
was  assigned  to  the  ship  heading  whenever  the  output  indicated  313  ,  a  value 
of  349  was  assigned  whenever  the  output  indicated  360  ,  and  a  value  of  336 
was  assigned  whenever  the  ship  reading  was  in  the  dead-band  of  the  potentio- 
meter.  This  assured  that  the  maximum  error  in  ship  heading  would  be  11  . 

A  computer  program  was  designed  to  automatically  assign  the  above  ship 
headings  whenever  the  indicated  ship  heading  fell  between  313   and  360  . 
The  time  periods  when  the  ship  headings  were  in  the  dead-band  were  determined 
by  examining  microfilm  time-series  plots.   This  information  was  entered  into 
the  program  that  corrceted  the  ship  headings. 

The  ship  heading  data  for  the  remaining  three  ships  presented  few  if 
any  problems.   In  general,  the  few  problem  areas  that  did  exist  were  removed 
from  the  archived  data. 

5.4.4   Pressure 

There  were  two  pressure  sensing  systems  on  each  of  the  U.S.  ships,  the 
Kollsman  and  Rosemount.   Generally  speaking,  the  Kollsman  is  more  accurate 
and  more  stable.   The  Rosemount  pressure  sensor  drifted  by  0.5  to  1.0  mb  in 
both  the  long  and  short  term  (Godshall   et  al.,  1976).   The  Oceanographer ' s 
Kollsman  sensor  functioned  erratically  during  the  experiment  and  much  of 
these  data  are  missing  for  Phase  II.   In  addition,  the  Oceanographer ' s 
Kollsman  data  contain  high-frequency  fluctuations  that  are  not  contained  in 
the  Researcher ,  Gilliss ,  or  Dallas  Kollsman  data.   Late  in  Phase  II,  the 
Dallas  Kollsman  sensor  drifted  almost  1  mb . 
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5.5   Final  Processing 

The  objectives  of  the  final  processing  programs  were  to  rescale  some  of 
the  data  using  revised  transfer  equations,  to  delete  bad  data,  and  to  calcu- 
late averages  for  the  3-,  10-,  30-,  and  60-min  averages,  and  the  hourly 
observations.   The  input  to  these  programs  were  the  4-s  average  data  processed 
by  the  SMDSS  Program.   Three  computer  programs  were  used  in  the  reprocessing: 
DALSH,  OCESH,  and  RADREPRO.   The  first  two  were  special  processing  programs 
that  were  used  on  the  Dallas  and  Oceanographer  ship  heading  data,  respective- 
ly.   DALSH  was  used  to  recover  the  ship  heading  data  between  313   and  360 
as  discussed  in  section  5.4.3.   OCESH  was  used  to  rescale  the  Oceanographer ' s 
ship  heading  data. 

Because  ship  heading  data  were  used  to  calculate  absolute  wind  velocity 
from  relative  velocity,  reprocessing  meant  correcting  the  wind  velocities  as 
well  as  the  ship  headings.   This  was  accomplished  by  reversing  the  steps  used 
to  calculate  the  absolute  wind  velocity  (sec.  5.2).   The  Oceanographer ' s 
original  ship  headings  were  then  rescaled,  and  fixed  headings  of  324  ,  336  , 
and  349  were  assigned  to  the  Dallas  ship  heading  data  as  discussed  in 
section  5.4.3.   With  the  adjusted  ship  headings,  the  absolute  wind  velocities 
were  then  recalculated  using  the  scheme  described  in  section  5.2. 

Program  RADREPRO  was  used  to  rescale  some  of  the  temperature  data 
and  all  of  the  radiation  data,  to  delete  bad  data  that  were  not  removed  in 
the  automatic  editing  of  the  central  processing  steps,  and  to  compute  the 
average  data  sets.   The  processing  flow  is  shown  in  figure  13. 

The  program  first  read  the  processing  constants  and  control  features 
into  the  computer.   For  the  first  run  of  a  series  of  tapes  containing  contin- 
ous  data,  the  program  set  up   a  directory  to  keep  track  of  incoming  data. 
On  continuation  runs,  the  program  read  in  a  partially  processed  file  that 
provided  the  necessary  information  for  a  restart. 

Next,  the  program  read  a  record  of  data  and  loaded  it  into  the  process- 
ing array.   Some  of  the  temperature  and  radiation  variables  were  rescaled 
using  revised  linear  transfer  equations,  and  the  program  then  deleted  the 
bad  data  in  the  record. 

The  ship  heading  data  of  each  record  were  divided  into  north-south 
(SH   )  and  east-west  (SH   ,  components  in  order  to  compute  the  average  ship 
headings.   Assuming  the  speed  was  unity, 


and 


SHNg  =  1  *  sin  (0), 
SHNS  =  1   *  C°S  (G)' 


where  9  is  the  ship  heading  in  degrees.   These  components  were  than  averaged, 
and  were  used  to  compute  the  average  ship  headings. 
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Figure  13. — RADREPRO  program  processing  flow. 
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The  program  also  computed  the  dew-point  and  specific-humidity  values 
for  each  wet-bulb  temperature.   The  specific  humidity  (q)  was  computed  from 

0  622  *  e 
q  -  (p  -  0.378e)  ;  P  =  I""- 2«  mb, 

where  e   is   the  ambient  vapor  pressure,    and  p   is   the   atmospheric  pressure, 
both   in  millibars.      The  vapor  pressure  was   computed   from 


e  =  e  ,    -  A  •  p   '    (T,       -  T       ), 

wb  dry  wet 


where 


A  =  0.00066    (1  +  0.00115   T        ), 

wet 

T,    =  the  dry-bulb  temperature, 
dry 

T    =  the  wet-bulb  temperature,  and 
wet 

e  ,  =  the  saturation  vapor  pressure  at  the  wet-bulb  temperature, 
wb 

The  saturation  vapor  pressure  at  the  wet-bulb  temperature  was  computed 
by  using  the  Goff-Gratch  formulation  (Smithsonian  Meteorological  Tables, 
1951), 

1Q  (B+C+D) 
wb 


where 


and 


B  =  -7.90298  (373.16/T    -  1) 

wet 


+5.02808  ALOG    (373.16/T   ), 
10  wet 

C  =  (-1.3816  x  10~7)  •  (10F  -1.0), 

D  =  0.0081328  •  (10G  -1.0)  +  3.0057, 


T    =  wet-bulb  temperature  in  absolute  degress, 
wet  OS 

F  =  11.334  *  (1.0  -  T   /373.16), 

wet 

G  =  -3.49149  •  (373.16/T    -1.0). 

wet     ' 
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The  dew-point  temperature  was  calculated  using  Teten's  equation  in  the 
following  form: 

237.3  •  ALOGnrt  7^— 
m    _  10   6.11 

TDP  "" 


7.5  -  ALOG 


10    6.11 


where  e  is  the  ambient  vapor  pressure. 

As  each  record  of  data  was  processed,  each  record  containing  a  4-s 
average  of  each  variable,  it  was  placed  on  an  output  file.   At  the  same  time, 
the  4-s  average  samples  were  added  to  accumulations  for  the  low-resolution 
averages.   Sums  and  averages  were  calculated  for  the  following  time  intervals 
(in  minutes)  of  each  hour: 

3-min  average:  58.5  to  01.49,  01.5  to  04.40,  etc. 

10-min  average:  55.0  to  4.99,  05.0  to  14.99,  etc. 

30-min  average:  45.0  to  14.99  and  15.0  to  44.99. 

60-min  average:  00.0  to  59.9. 

Hourly  ovservations :   50.0  to  59.9  for  all  variables  except  pressure; 

55.0  to  04.9  for  pressure. 

Note  that  the  hourly  observations  of  pressure  were  10-min  averages  centered 
on  the  hour. 

The  average  wind  directions  were  calculated  from  absolute  average 
wind  components  (u  ,  v  ) .   The  4-s  average  wind  speeds  were  used  in  calculat- 
ing the  above  scalar  wind  speeds,  i.e.,  the  average  wind  speeds  were  not 
computed  from  the  wind  velocity  components. 


The  average  ship  headings  were  calculated  from  the  ship  heading  compon- 
ents (SH  ,  SH  )  with  the  unit  speed  as  discussed  above.  All  other  average 
scalar  values,  including  the  derived  variables  of  specific  humidity,  dew 

point,  and  the  u  -  and  v  -components  of  the  absolute  wind  velocity  were 

a       a 
calculated  by  normal  summing  and  averaging. 

As  the  individual  averages  (3  min,  10  min,  etc.)  were  generated,  these 
were  placed  on  output  files,  which  were  subsequently  copied  on  to  the 
archive  tapes.   At  the  same  time,  these  data  were  used  to  generate  microfilm 
time-series  plots  that  correspond  to  the  digital  data.   In  addition  to  the 
average  values  given  in  each  data  set,  the  number  of  4-s  averages  used  to 
generate  this  average  is  given. 
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6.   ANALYSIS  AND  VALIDATION  OF  SURFACE  RADIATION  DATA 

The  incident  solar  radiation  data,  the  reflected  solar  radiation,  and 
the  net  radiation  data  were  all  subjected  to  careful  intercomparison  and 
validation.   As  a  result  of  these  analyses,  transfer  equations  for  the  net 
radiation  data  were  developed  for  the  first  time,  and  revised  transfer 
equations  were  derived  for  the  incident  and  reflected  solar  radiation  data. 
The  following  sections  describe  how  the  data  were  validated, and  the  transfer 

equations  used. 

* 

6.1   Recording  System  Error  Limitations 

The  SAM,  as  described  in  section  1.1,  had  a  voltage  range  of  0  to  5  V, 
which  was  divided  into  65,535  counts.   The  millivolt  input  signal  from  each 
radiometer  was  fed  through  an  amplifier  with  a  gain  of  1000  to  accommodate 
the  range  of  the  recording  system.   The  amplifiers  showed  small  variations 
with  time  and  were  sensitive  to  temperature  changes.   To  check  the  stability 
of  the  recording  system,  a  set  of  known  voltages  was  put  through  the  system. 
For  the  high-gain  radiation  channels,  these  voltages  were  0  mV,  4  mV,  8  mV, 
and  40  mV.   This  procedure,  called  simulate,  was  completed  three  times  each 
day  as  discussed  in  section  4.   The  simulate  records  for  the  radiation 
channels  were  analyzed  to  determine  the  magnitude  of  the  error  produced  by 
variations  in  the  amplifiers. 

All  radiation  data  were  recorded  as  counts.   To  determine  the  transfer 
equations  between  the  recorded  counts  and  the  equivalent  radiation  in  W/m~  , 
the  counts-to-millivolt  relationship  for  the  SAM  had  to  be  developed.   The 
millivolt-per-count  ratio  defined  the  slope  of  the  transfer  equation,  and 
the  instrument  zero  offset  determined  the  intercept.   Variations  in  the 
amplifier  caused  a  change  in  the  ratio  of  millivolts  to  counts  (the  slope  of 
the  transfer  equation) ,  while  variations  in  the  0-mV  count  value  changed  to 
intercept.   An  analysis  of  the  simulate  records  showed  that  the  change  in 
slope  was  not  related  to  the  change  in  the  0-mV  count. 

The  linearity  of  the  slope  was  checked  by  comparing  the  millivolt-count 
calculated  for  each  simulate  voltage  interval  (4-0  mV,  8-0  mV,  and  40-0  mV) . 
The  results  showed  that  each  channel  was  linear  over  the  range  of  the  record- 
ing system. 

Because  the  sensors  and  recording  system  had  different  impedances,  the 
instrument  zero  was  not  the  same  as  the  recording  system  zero.   The  mean  of 
the  nighttime  values  measured  by  the  pyranometers  throughout  GATE  was  taken 
to  be  the  instrument  zero  offset,  and  the  intercept  of  the  transfer  equation 
was  adjusted  accordingly.   Variations  in  the  sensor  zero  offset  can  be  attrib- 
uted, in  part,  to  changes  in  the  amplifiers  of  the  recording  system,  and  the 
effect  of  other  factors  can  be  determined  by  calculating  the  variation  in 
the  mean  offset  and  removing  the  known  effect  of  the  amplifiers. 

Errors  due  to  the  change  in  the  ratio  of  millivolts  to  counts  are  less 
than  0.2  percent.   Variations  in  the  0-mV  count  value  and  the  instrument  zero 
offset  caused  an  error  of  1  to  3  W/m   ,  or  0.8  percent  of  the  mean  net  radia- 
tion integrated  over  daylight  hours.   The  total  error  attributed  to  the 
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recording  system  and  the  instrument  zero  is  less  than  1  percent  of  the  daily 
integrated  net  readiation. 

6.2   Incident  and  Reflected  Solar  Radiation, 

6.2.1  Instrumentation  and  Transfer  Equations 

The  pyranometers  mounted  on  the  U.S.  ships  during  GATE  were  the  Eppley 
models  2  and  8-48.   The  model  2  was  used  to  measure  the  global  solar  radia- 
tion on  the  four  U.S.  B-scale  ships  and  the  reflected  solar  radiation  on  the 
Oceanographer  only.   The  reflected  solar  radiation  was  measured  by  the  model 
8-48  on  the  Gilliss,  Researcher,  and  Dallas. 

The  sensitivity  (calibration  factor)  of  the  pyranometers,  as  given  in 
table  8,  was  determined  during  the  Miami  intercomparison  in  April  1974  (see 
appendix  B) .   Transfer  equations  were  determined  from  the  instrument  sensit- 
ivities and  the  simulate  records.   The  intercept  of  the  transfer  equation  was 
adjusted  in  accordance  with  the  mean  instrument  zero  offset  discussed  in  the 
previous  section.   The  0-mV  count  value  for  both  Dallas  pyranometers  was  not 
offset.   Since  the  recording  system  did  not  record  negative  voltages,  the 
sensor  zeros  were  suppressed.   Intercomparison  data  show  that  the  Dallas  data 
are  in  agreement  with  data  from  the  other  ships  within  the  limits  of  error. 
This  indicates  that  the  zero  suppression  of  the  Dallas  instruments  was  small, 
and  the  recording  system  zero  was  therefore  taken  as  the  intercept  of  the 
transfer  equation. 

The  simulate  records  of  the  Gilliss  show  that  the  zero  of  the  model  2 
pyranometer  measuring  solar  radiation  was  suppressed  until  July  4  (Julian 
day  185)  when  the  simulate  zero  was  adjusted  to  a  positive  count  value. 
Intercomparison  1  data  show  the  Gilliss  solar  radiation  to  be  approximately 
15  W/m~2  lower  than  the  other  ships.   This  is  due  to  the  instrument  zero 
suppression  during  Intercomparison  1.   Because  of  the  change  in  the  0-mV 
count  value,  two  transfer  equations  were  developed  for  the  Gilliss  upfacing 
pyranometer.   As  with  the  Dallas,  the  intercept  was  taken  to  be  zero  until 
July  5,  and  approximately  -15  W/m~^  after  that  time.   This  adjustment  brings 
the  Gilliss  Intercomparison  data  into  agreement  with  the  other  ships. 

6.2.2  Data  Validation 

Figures  14  to  18  show  the  hourly  integrated  solar  radiation  data  (K^, 
Kt)  for  the  U.S.  ships  and  the  Canadian  Ship  Quadra  during  the  Intercompari- 
son periods.   The  Canadian  data  were  used  as  an  independent  check  for  both 
solar  and  net  radiation  to  further  verify  the  quality  of  the  data.   The 
Gilliss  did  not  participate  in  Intercomparison  2,  and  the  Dallas  was  absent 
from  Intercomparison  3.   Also,  the  Oceanographer  and  Quadra  took  part  in 
Intercomparison  3A  while  the  Researcher  and  Gilliss  took  part  in  Intercomp- 
ison  3B  (fig.  3,  sec.  1). 

The  solar  radiation  data  from  all  these  ships  agree  to  well  within  the 
5  to  6  percent  recommended  accuracy.   Differences  between  ships  in  the  hourly 
integrated  radiation  is  due  primarily  to  variations  in  cloud  cover  over 
each  ship  during  a  particular  hour.   The  curves  for  Intercomparison  2 
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(figs.  15  and  16),  an  excessively  cloudy  period,  show  much  larger  anomalies 
in  the  hourly  values  than  are  seen  in  the  other  figures.   Data  collected 
during  clear  periods  agree  to  within  2  percent. 

Table  9  shows  the  ratio  of  the  simultaneous  radiation  measurements  on 
each  ship  to  the  measurements  on  the  Oceanographer .   Ratios  are  given  for 
each  day  of  the  Intercomparison  periods  when  simultaneous  hourly  values  were 
available.   For  Intercomparison  3B,  the  ratios  of  the  Gilliss  data  to  the 
Researcher  data  are  shown.   The  large  ratios  of  K+  for  individual  days  are 
primarily  due  to  the  hourly  variation  in  cloudiness  over  each  ship. 

The  very  large  difference  in  reflected  radiation  can  be  attributed  to 
the  location  of  the  downfacing  pyranometer  as  well  as   to  instrument  charact- 
eristics.  The  pyranometers  were  mounted  on  booms  extending  beyond  the  bow  of 
the  ships.   They  were  at  different  heights  above  the  ocean  surface  and  the 
bow  of  each  ship  was  within  the  instrument's  field  of  view.   At  low  solar 
elevation  angles,  the  shadow  of  the  ship  may  have  fallen  below  the  sensor. 
The  response  of  a  pyranometer  is  highly  variable  when  receiving  energy  from 
low  angles  and  the  model  2  pyranometer  has  a  different  cosine  response  than 
the  model  8-48  ( see  appendix  B) . 

Comparison  of  the  simultaneous  values  of  reflected  radiation  obtained 
from  the  model  8-48  pyranometer  and  averaged  over  all  three  Intercomparison 
periods  for  the  Dallas,  Gilliss ,  and  Researcher  shows  that  these  data  are  in 
agreement  within  3  percent.   The  model  2  pyranometer  on  the  Oceanographer 
indicated  much  lower  reflected  energy,  except  during  Intercomparison  2  cloudy 
periods.   This  does  not  imply  that  the  model  8-48  produces  a  more  accurate 
value,  but  only  that  pyranometers  of  the  same  type  have  similar  characteristics, 
The  GATE  Intercomparison  data  show  that  the  relative  accuracy  of  the  reflect- 
ed solar  radiation  data  collected  from  shipboard  is  marginal  and  can  be 
estimated  only  to  approximately  ±10  W/m~  . 

6.3  Net  Radiation  (Q*) 

6.3.1   Derivation  of  Transfer  Equations 

The  net  radiometers  mounted  aboard  the  U.S.  ships  were  not  calibrated 
prior  to  GATE.   The  sensitivity  (calibration  factor)  of  the  instruments 
was  determined  from  an  analysis  of  the  data  collected  during  the  experiment. 
The  net  radiation  is  defined  as  the  difference  between  the  incoming  and  out- 
going radiation,  given  by  the  following  equation: 

Q*  =  (K++L4-)  -  (K++L  +  ) 

where 

Q*  =  net  flux  of  total  radiation, 

Kl  =  downward  direct  and  reflected  solar  radiation, 

Kt  =  upward  solar  radiation, 
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L4-  =  downward  atmospheric  radiation,  and 

Lt  =  upward  terrestrial  surface  and  atmospheric  radiation. 

The  incoming  solar  radiation  (K+)  is  measured  accurately  by  the  upfac- 
ing  pyranometer,  and  the  upward  terrestrial  radiation  (Lf)  is  calculated 
from  the  sea-surface  temperature.   An  estimate  of  the  reflected  solar  radia- 
tion (Kf)  is  known  from  the  downfacing  pyranometer.   Since  the  reflected 
radiation  is  more  than  an  order  of  magnitude  smaller  than  the  other  radiation 
terms,  it  is  unnecessary  to  know  its  precise  value.   The  error  in  the  deter- 
mination of  the  net  radiometer  sensitivity  will  be  insignificant  as  long  as 
K-l-  and  Li   and  accurately  determined. 

The  equation  defining  the  net  radiation  can  be  solved  for  the  downward 
atmospheric  radiation  term  (L4-)  ,  which  for  daylight  hours  is  given  by 

L4-  =  q*  _  K4  +  K+  +  L+,  (2) 

and  at  night,  when  the  solar  terms  are  zero,  becomes 

L+  =  Q*  +  L+.  (3) 

Variations  in  the  downward  atmospheric  radiation  are  primarily  due  to 
changes  in  the  water  vapor  content  of  the  atmosphere  and  the  amount  of  cloud- 
iness.  The  tropical  atmosphere  over  ocean  areas  and  away  from  the  continen- 
tal land  masses  has  the  unique  characteristics  of  a  high  and  relatively 
constant  moisture  content  and  little  or  no  diurnal  variation  in  moisture  or 
cloudiness.   We  may  therefore  assume  that,  over  the  many  days  of  GATE,  the 
mean  atmospheric  radiation  is  the  same  during  daylight  and  nighttime  hours, 
and  we  can  set  eqs.  (2)  and  (3)  equal  to  each  other ^ 

(Q*  +  L+)  .  .   =  (Q*  -  K+  +  K+  +  L+) ,   •  (4) 

night  day 

By  adjusting  the  sensitivity  of  the  net  radiometer  until  equality  in  eq .  (4) 
is  reached,  the  correct  sensitivity  is  derived. 

6.3.2  Data  Validation 

To  determine  their  accuracy,  the  hourly  integrated  net  radiation  data 
were  compared  in  the  same  manner  as  the  solar  radiation  data.   Figures  19  to 
23  show  the  hourly  net  radiation  data  for  each  day  during  the  Intercomparison 
periods^and  table  9  (sec.  6.2)  shows  the  ratio  with  respect  to  the  Oceano- 
grapher .   The  Canadian  Quadra  data  are  also  included  as  an  independent  check 
and  to  verify  the  method  used  in  determining  the  net  radiometer  sensitivities, 
The  Canadians  verified  their  net  radiation  data  by  an  entirely  different 
approach.   They  took  simultaneous  measurements  with  similar  instruments  and 
also  measured  the  four  radiation  components  directly.   They  found  good  agree- 
ment between  the  measured  and  calculated  quantities. 
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The  net  radiation  traces  in  figures  19  to  23  show  that  the  hourly  values 
are  in  agreement.   Variations  in  cloud  conditions  over  individual  ships 
cause  the  largest  differences  in  the  hourly  values,  as  is  the  case  with 
the  incoming  solar  radiation.   Intercomparison  2,  the  period  of  heaviest 
cloudiness,  shows  the  largest  fluctuations  in  the  hourly  integrated  net 
radiation.   The  mean  of  the  hourly  averages  over  all  three  Intercomparison 
periods  is  well  within  the  recommended  6-percent  accuracy. 

6.3.3  Instrument  Malfunctions 

During  Intercomparison  1,  the  Gilliss  net  radiometer  was  found  to  have 
a  ripped  polyethlene  dome.   It  was  removed  on  June  18  (Julian  day  169)  at 
2109  GMT,  and  the  open  channel  of  the  recording  system  affected  the  other 
high-gain  radiation  channels.   The  Gilliss  net  radiation  data  for  the  3  days 
of  Intercomparison  1  were  deleted  because  of  the  instrument  damage.   The 
solar  radiation  data  (Kl  and  K+  )  for  June  19  (Julian  day  170)  were  also 
deleted  because  of  excessive  noise  caused  by  the  open  net  radiometer  channel. 
These  problems  were  corrected  before  the  start  of  Phase  I  of  GATE. 

The  Researcher  net  radiometer  was  removed  on  July  10  (Julian  day  191) 
because  of  malfunction,  and  remained  off  line  until  the  end  of  Phase  I. 
Figure  24  shows  three  curves  of  the  4-s  average  radiation  data  for  the 
Researcher,  which  indicate  random  drops  of  from  100  to  450  W/m   in  the 
energy  received  by  the  ship's  sensor.   Two  such  anomalies  can  be  seen  in  the 
net  radiation  trace  in  figure  24.   Note  that  a  similar  drop  does  not  occur 
in  the  incoming  solar  trace.   These  net  radiometer  anomalies  occur  randomly 
throughout  GATE,  and  are  most  likely  due  to  a  malfunction  of  the  recording 
system.   However,  no  evidence  of  this  can  be  found  in  the  simulate  records. 
Net  radiation  for  the  Researcher  has  been  eliminated  from  the  archived  data 
set  for  these  periods. 

6.3.4  Anomalous  Net  Radiation  Data 

An  analysis  of  the  downward  atmospheric  radiation  calculated  from  the 
Canadian  GATE  data  shows  fluctuations  of  less  than  +10  percent  of  the  mean 
value.   Since  Li    is  derived  from  eq.  (2)  for  the  U.S.  shipboard  data,  any 
large  fluctuations  in  L4-  can  be  attributed  to  a  malfunction  of  the  net  radio- 
meter.  The  terms  K4-,  K+ ,  and  Lt  are  well  known  within  reasonable  limits,  so 
that  anomalies  in  LI  must  be  the  result  of  anomalies  in  the  net  radiation 
measurement,  Q*.   Hourly  downward  atmospheric  radiation  data  were  calculated 
for  the  four  U.S.  ships,  and  net  radiation  data  were  deleted  for  periods 
when  the  downward  atmospheric  radiation  exceeded  the  +10  percent  criterion 
determined  from  the  Canadian  data.   In  most  cases  these  anomalies  are  caused 
by  the  suspected  malfunction  of  the  Researcher ' s  recording  system.   However, 
a  few  bad  net  radiation  data  were  determined  for  the  other  ships,  and  these 
data  were  not  included  in  the  final  data  set. 

6.3.5  Radiometer  Sensitivity  and  Transfer  Coefficients 

The  requirements  for  data  validation  and  international  data  exchange 
are  defined  in  GATE  Report  13  (de  la  Moriniere,  1974),  which  specified  that 
surface  data  from  ship  platforms  for  the  Intercomparison  periods  were  to  be 
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validated  and  delivered  to  the  World  Data  Centers  (WDCs)  within  6  months 
after  the  end  of  GATE,  and  that  the  validated  data  for  the  three  field  phases 
were  due  at  the  WDCs  within  18  months.   Because  of  these  regulations,  the 
surface  radiation  data  for  the  Intercomparison  periods  were  processed  first. 
Consequently,  two  sets  of  transfer  coefficients  were  derived  for  the  U.S. 
GATE  radiometers.   These  are  given  in  table  8  (sec.  6.2). 

The  sensitivities  of  the  pyranometers  that  measured  incoming  and 
reflected  solar  radiation  were  determined  prior  to  GATE  and  did  not  change 
(except  the  Yanishevsky  pyranometer  discussed  in  the  next  section) .   There- 
fore, the  slope  of  the  transfer  equations  for  the  Intercomparison  and  field 
Phases  data  is  identical.   The  intercept  of  the  transfer  equations  varies 
slightly  because  of  the  adjustment  made  for  the  mean  instrument  zero  offset 
discussed  in  section  6.1.   The  change  in  the  intercept  value  between  the 
Intercomparison  and  field  Phase  data  sets  is  less  than  1  W/m~^  in  all  cases, 
except  for  the  Oceanographer  sensor,  No.  11538,  which  has  a  variation  of 
less  than  2  W/m~^ . 

As  seen  in  table  8,  the  slope  of  the  transfer  equations  varies  between 
the  two  data  sets  by  less  than  5  percent,  with  the  exception  of  the 
Researcher,  which  shows  a  10-percent  variation.   This  larger  variation  is 
due  to  the  smaller  magnitude  of  the  slope  for  the  Researcher  net  radiometer 
and  the  apparent  recorder  malfunction  (sec.  6.3.3),  which  caused  a  limited 
amount  of  usable  data  to  be  obtained  from  the  ship  during  the  Intercoirroarisons 
The  intercept  of  the  net  radiometer  transfer  equations  is  calculated  from 
the  mean  0-mV  simulate  values,  which  were  nearly  constant  throughout  GATE, 

The  net  radiometer  aboard  the  Oceanographer  showed  an  abrupt  change  in 
sensitivity  on  August  3   (Julian  day  215)  ,  which  was  apparently  caused  by 
the  replacement  of  the  polyethylene  domes  on  the  net  radiometer.   On  August 
29  (Julian  day  241)  another  abrupt  change  in  the  instrument  sensitivity 
occurred.   The  reason  is  not  known.   Because  these  changes  occurred  abruptly 
and  degradation  of  the  sensor  with  time  was  not  evident,  three  separate  sen- 
sitivities and  transfer  equations  were  derived  for  the  Oceanographer  net 
radiometer  for  the  time  intervals  given  in  table  8  (sec.  6.2). 

6.4   Yanishevsky  Pyranometer  Data  (K4-) 

The  USSR  and  the  United  States  exchanged  pyranometers  during  GATE  so 
that  direct  comparison  could  be  made.   The  USSR  instrument  loaned  to  the 
United  States,  a  Yanishevsky  pyranometer,  was  mounted  on  the  bow  of  the 
Oceanographer .   During  Phase  I,  condensation  frequently  occurred  inside  the 
dome  of  the  sensor,  and  repeated  attempts  to  dry  the  instrument  were  unsuc- 
cessful. On  July  12  (Julian  day  193)  an  abruut  decrease  in  sensitivity  occurr- 
ed, most  likely  due  to  inadvertent  damage  to  the  sensing  surface  of  the 
instrument  while  the  condensation  from  the  dome  was  removed.   The  black  and 
white  coating  may  have  been  brushed  during  maintenance.   The  sensor  remained 
mounted  until  the  conclusion  of  GATE;  further  maintenance  was  not  performed. 
Between  Phases  II  and  III  another  abrupt  decrease  in  the  sensitivity  was 
observed.   Inspection  of  the  sensor  did  not  indicate  that  it  had  been  damaged 
during  the  in-port  period,  and  no  probable  explanation  for  this  second 
decrease  has  been  determined. 
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New  sensitivities  were  derived  for  the  Yanishevsky  pyranometer  and  used 
to  produce  the  final  data  set.   Separate  sensitivites  were  derived  for  the 
periods  indicated  in  table  8.   The  ratio  of  the  simultaneous  solar  radiation 
data  from  this  pyranometer  to  the  Oceanographer  Eppley  pyranometer  data  is 
given  in  table  9  (sec.  6.2).   The  mean  radiation  of  the  two  sensors  totaled 
over  the  three  Intercomparison  periods  is  in  agreement  within  1.2  percent. 

6.5   Vanguard  Pyranometer  Data 

The  NASA  ship  Vanguard  joined  GATE  shortly  before  the  start  of  Phase  I. 
The  ship  was  equipped  with  a  model  2  Eppley  pyranometer  and  an  Eppley  normal 
incidence  pyrheliometer  during  the  in-port  period  between  Phases  I  and  II. 
Data  were  recorded  on  an  analog  chart  recorder,  and  the  charts  were  analyzed 
by  hand.   Hourly  integrated  averages  of  solar  radiation  (K+)  were  calculated 
for  July  27  to  September  18  (Julian  days  208-261) .   A  table  of  the  Vanguard 
hourly  integrated  averages  of  K4-  is  available  from  world  data  centers  WDC-A 
(Asheville,  North  Carolina,  USA)  and  WDC-B  (Moscow,  USSR).   The  pyrheliometer 
data  can  be  found  in  the  documentation  for  the  U.S.  shipboard  NIP  (normal 
incident  pyrheliometer)  and  Sun  Photometer  GATE  data,  archived  at  the  World 
Data  Centers.   The  Vanguard  participated  for  2  days  during  Intercomparison 
2.   The  ratios  of  the  Vanguard  pyranometer  data  to  the  Oceanographer  data 
listed  in  table  9  show  agreement  within  5  percent  for  the  2-day  period. 
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7.   FORMAT  AND  INVENTORY  OF  THE  ARCHIVED  DATA  SETS 

The  U.S.  B-scale  ship  surface  meteorological  data  are  available  in  the 
form  of  hourly  averages,  hourly  observations,  30-min  averages,  10-min  aver- 
ages, 3-min  averages,  and  4-s  averages.   Surface  radiation  data  are  available 
at  the  same  time-averaged  resolutions  except  4-s  averages.   Data  sets  that 
include  both  surface  meteorological  and  radiation  data  are  listed  under  U.S.A. 
Ship,  General  (Boom),  in  the  WDC-A  GATE  Data  Catalog,  issued  by  the  National 
Climatic  Center,  Asheville,  North  Carolina.   The  4-s  averaged  data  set  is 
listed  under  U.S.A.  Ships,  Surface  Meteorological  (Boom).   The  meteorological 
and  radiation  variables  in  the  combined  data  sets  include  pressure,  dry-bulb 
temperature,  wet-bulb  temperature,  sea-surface  temperature,  wind  speed  and 
direction  from  both  bow-boom  and  mast  sensors,  incident  solar  radiation, 
reflected  solar  radiation,  net  solar  radiation,  and  ship  speed. 

The  data  have  been  placed  in  the  archive  on  digital  magnetic  tape  and 
in  the  form  of  time-series  plots  on  35-mm  microfilm.   The  magnetic  tapes 
also  include  the  derived  parameters  of  specific  humidity  and  dew  point  for 
each  wet-bulb  temperature,  and  the  u-  and  v-components  of  the  total  absolute 
wind  velocity.   Also  included  on  digital  tapes  are  the  longitude  (negative 
for  west  longitude)  and  latitude  positions  for  each  observation.   The  number 
of  4-s  averages  used  to  construct  the  other  low-resolution  averages  are 
given. 

The  ship  speed  and  heading  data  contained  on  the  digital  data  tapes 
and  on  the  microfilm  time-series  plots  are  not  representative  of  the  true 
ship  velocity  during  the  GATE  ship  Intercomparisons  and  the  Phases.   For 
true  ship  direction  of  motion  and  speed  information,  the  U.S.  B-Scale  Ship 
Navigation  Data  should  be  used. 
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7.1  Digital  Data  on  Magnetic  Tape 

The  following  tapes  contain  the  U.S.  B-scale  ships'  boom  meteorological 
and  radiation  3-min  averages ,  hourly  averages,  and  hourly  ■observations: 


GATE  tape  identifier 
(bytes  7-24  of  tape 
Tape       header  record;  not  to 
No.        be  used  for  ordering) 

1         020410bbbbbbB79264 


020410bbbbbbB79290 


Ship 

Researcher 
Gilliss 
Dallas 
Oceanographer 

Researcher 
Gilliss 
Dallas 
Oceanographer 


Period 

IC  1,  2,  3 

IC  1,  3 

IC  1,  2 

IC  1,  2,  3 

Phase  III 
Phase  III 
Phase  III 
Phase  III 


020410bbbbbbB79288 


Researcher 
Gilliss 
Dallas 
Oceanographer 


Phase  II 
Phase  II 
Phase  II 
Phase  II 


b  =  blank 


020410bbbbbbB79289 


Researcher 
Gilliss 
Dallas 
Oceanographer 


Phase  I 
Phase  I 
Phase  I 
Phase  I 


The  following  tape  contains  the  U.S.  B-scale  ships'  boom  meteorological 
and  radiation  hourly  averages ,  30-min  averages ,  and  10-min  averages : 


Tape 
No. 


GATE  tape  identifier 
(bytes  7-24  of  tape 
header  record;  not  to 
be  used  for  ordering 

020410bbbbbbB79157 


b  =  blank 


Ship 

Researcher 
Gilliss 
Dallas 
Oceanographer 


Period 


Phase  I, 
Phase  I, 
Phase  I, 
Phase 


II,  III 
II,  III 


II,  III 
I,  II,  III 


The  following  tapes  contain  the  U.S.  B-scale  ships'  boom  automated 
high-resolution  meteorological  data  (4-s  averages) : 
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Tape 
No. 


GATE  tape  identifier 
(bytes  7-24  of  tape 
header  record;  not  to 
be  used  for  ordering) 


Time  period  (GMT) 


Beginning 
(mo/day/hr :min) 


Ending 
(mo/day/hr :min) 


Researcher 

-  Phase  III 

1 

020410bbbbbbB79129 

8/29/23:53 

9/01/23:59 

2 

020410bbbbbbB79130 

9/02/00:00 

9/04/23:59 

3 

020410bbbbbbB79131 

9/05/00:00 

9/07/23:59 

4 

020410bbbbbbB79132 

9/08/00:00 

9/10/23:59 

5 

020410bbbbbbB79133 

9/11/00:00 

9/13/23:59 

6 

020410bbbbbbB79134 

9/14/00:00 

9/16/23:59 

7 

020410bbbbbbB79135 

9/17/00:00 

9/19/15:00 

Gilliss  - 

-  Phase  III 

8 

020410bbbbbbB79136 

8/30/01:23 

9/01/23:59 

9 

020410bbbbbbB79137 

9/02/00:00 

9/04/23:59 

10 

020410bbbbbbB79138 

9/05/00:00 

9/07/23:59 

11 

020410bbbbbbB79139 

9/08/00:00 

9/10/23:59 

12 

020410bbbbbbB79140 

9/11/00:00 

9/13/23:59 

13 

020410bbbbbbB79141 

9/14/00:00 

9/16/23:59 

14 

020410bbbbbbB79142 

9/17/00:00 

9/19/17:18 

Dallas  - 

Phase  III 

15 

020410bbbbbbB79143 

8/30/08:39 

9/01/23:59 

16 

020410bbbbbbB79144 

9/02/00:00 

9/04/23:59 

17 

020410bbbbbbB79145 

9/05/00:00 

9/07/23:59 

18 

020410bbbbbbB79146 

9/08/00:00 

9/10/23:59 

19 

020410bbbbbbB79147 

9/11/00:00 

9/13/23:59 

20 

020410bbbbbbB79148 

9/14/00:00 

9/16/23:59 

21 

020410bbbbbbB79149 

9/17/00:00 

9/18/23:45 

Oceanography 

^r  -  Phase  III 

22 

020410bbbbbbB79150 

8/30/01:45 

9/01/23:59 

23 

020410bbbbbbB79151 

9/02/00:00 

9/04/23:59 

24 

020410bbbbbbB79152 

9/05/00:00 

9/07/23:59 

25 

020410bbbbbbB79153 

9/08/00:00 

9/10/23:59 

26 

020410bbbbbbB79154 

9/11/00:00 

9/13/23:59 

27 

020410bbbbbbB79155 

9/14/00:00 

9/16/23:59 

28 

020410bbbbbbB79156 

9/17/00:00 

9/19/12:21 

Researcher 

29 

020410bbbbbbB79293 

IC  1 

30 

020410bbbbbbB79294 

IC  2 

31 

020410bbbbbbB79295 

IC  3B 

b  =  blank 
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Tape 
No. 


GATE  tape  identifier 
(bytes  7-24  of  tape 
header  record;  not  to 
be  used  for  ordering) 


Time  period  (GMT) 


Beginning 
(mo/day/hr :min) 


Ending 
(mo/day/hr :min) 


Gilliss 


32 
33 


020410bbbbbbB79296 
020410bbbbbbB79297 


IC  1 
IC  3B 


Dallas 


34 
35 


020410bbbbbbB79298 
020410bbbbbbB79299 


IC  1 
IC  2 


Oceanographer 


36 
37 
38 


020410bbbbbbB79100 
020410bbbbbbB79101 
020410bbbbbbB79102 


IC  1 
IC  2 
IC  3A 


Researcher  -  Phase  II 


39 

020410bbbbbbB79265 

7/28/00:00 

7/30/23:59 

40 

020410bbbbbbB79266 

7/31/00:00 

8/02/23:59 

41 

020410bbbbbbB79267 

8/03/00:00 

8/05/23:59 

42 

020410bbbbbbB79268 

8/06/00:00 

8/07/22:40 

43 

020410bbbbbbB79269 

8/10/11:15 

8/12/23:59 

44 

020410bbbbbbB79270 

8/13/00:00 

8/16/06:00 

Gilliss 

-  Phase  II 

45 

020410bbbbbbB79271 

8/06/20:45 

8/09/23:59 

46 

020410bbbbbbB79272 

8/10/00:00 

8/12/23:59 

47 

020410bbbbbbB79273 

8/13/00:00 

8/15/23:59 

48 

020410bbbbbbB79274 

8/16/00:00 

8/18/00:00 

Dallas 

-  Phase  II 

4  9 

020410bbbbbbB79275 

7/28/05:00 

7/30/23:59 

50 

020410bbbbbbB79276 

7/31/00:00 

8/02/23:59 

51 

020410bbbbbbB79277 

8/03/00:00 

8/05/23:59 

52 

020410bbbbbbB79278 

8/06/00:00 

8/08/23:59 

53 

020410bbbbbbB79279 

8/09/00:00 

8/11/23:59 

54 

020410bbbbbbB79280 

8/12/00:00 

8/14/23:59 

55 

020410bbbbbbB79281 

8/15/00:00 

8/15/19:10 

Oceanographer  -  Phase  II 

56 
57 


020410bbbbbbB79282 
020410bbbbbbB79283 


7/28/00:00 
8/02/21:30 


7/30/18:00 
8/04/23:59 


blank 
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Tape 
No. 


GATE  tape  identifier 
(bytes  7-24  of  tape 
header  record;  not  to 
be  used  for  orderinp, 


Time  period  (GMT) 


Begining 
(mo/day/hr :min) 


Ending 
(mo/day/hr :min) 


Oceanographer  -  Phase  II  continued 


58 

020410bbbbbbB79284 

8/05/00:00 

8/07/23:59 

59 

020410bbbbbbB79285 

8/08/00:00 

8/10/23:59 

60 

020410bbbbbbB79286 

8/11/00:00 

8/13/23:59 

61 

020410bbbbbbB79287 

8/14/00:00 

8/15/23:46 

Researcher 

-  Phase  I 

62 

020410bbbbbbB79103 

6/27/20:15 

6/30/23:59 

63 

020410bbbbbbB79104 

7/01/00:00 

7/03/23:59 

64 

020410bbbbbbB79105 

7/04/00:00 

7/06/23:59 

65 

020410bbbbbbB79106 

7/07/00:00 

7/09/23:59 

66 

020410bbbbbbB79107 

7/10/00:00 

7/12/23:59 

67 

020410bbbbbbB79108 

7/13/00:00 

7/15/23:59 

68 

020410bbbbbbB79109 

7/16/00:00 

7/16/22:59 

Gilliss  - 

-  Phase  I 

69 

020410bbbbbbB79110 

6/27/23:30 

6/30/23:59 

70 

020410bbbbbbB79111 

7/01/00:00 

7/03/23:59 

71 

020410bbbbbbB79112 

7/04/00:00 

7/06/23:59 

72 

020410bbbbbbB79113 

7/07/00:00 

7/09/23:59 

73 

020410bbbbbbB79114 

7/10/00:00 

7/12/23:59 

74 

020410bbbbbbB79115 

7/13/00:00 

7/15/23:59 

75 

020410bbbbbbB79116 

7/16/00:00 

7/13/23:59 

Dallas  - 

Phase  I 

76 

020410bbbbbbB79117 

6/28/00:00 

6/30/23:59 

77 

020410bbbbbbB79118 

7/01/00:00 

7/03/23:59 

78 

020410bbbbbbB79119 

7/04/00:00 

7/06/23:59 

79 

020410bbbbbbB79120 

7/07/00:00 

7/09/23:59 

80 

020410bbbbbbB79121 

7/10/00:00 

7/12/23:59 

81 

020410bbbbbbB79122 

7/13/00:00 

7/16/21:30 

Oceanographer  -  Phase  I 

82 

020410bbbbbbB79123 

6/27/21:38 

6/30/23:59 

83 

020410bbbbbbB79124 

7/01/00:00 

7/03/23:59 

84 

020410bbbbbbB79125 

7/04/00:00 

7/06/23:59 

85 

020410bbbbbbB79126 

7/07/00:00 

7/09/23:59 

86 

020410bbbbbbB79127 

7/10/00:00 

7/12/23:59 

87 

020410bbbbbbB79128 

7/13/00:00 

7/16/22:30 

b  =  blank 
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When  ordering  data  from  WDC-A  (National  Climatic  Center,  Asheville, 
North  Carolina  28801) ,  include  the  following  identifications  and  descriptive 
information  on  the  request  form  for  each  tape: 

Identification  Description 

S.   TT.   CC.   DDD. 

3    30    02    102  Magnetic  Tape  No./N 

N  is  the  appropriate  tape  number  taken  from  the  inventory  in  the  GATE 
Data  Catalog.   In  addition,  provide  an  indication  of  desired  magnetic  tape 
recording  characteristics  (options  for  the  number  of  tracks,  recording 
density,  and  recording  code). 
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7.2   Microfilm  Time-Series  Plots 

There  are  four  microfilm  groups,  one  for  each  of  the  ships.   Each  group 
of  low-resolution  averages  (3-min  averages,  10-min  averages,  etc.)  contains 
four  microfilm  frame  types.   The  contents  of  each  frame  and  the  units  of 
each  variable  are  as  follows: 

Frame  Type  1 : 

1.  Ship  speed  (m/s) . 

2.  Ship  heading  (c  ) 

3.  Pressure,  Rosemount  (mb) . 

4.  Pressure,  Kollsman  (mb) . 

Frame  Type  2 : 

1.  Wind  speed,  bow  boom  (m/s). 

2.  Wind  speed,  mast  (m/s). 

3.  Wind  direction,  bow  boom  (c). 

4.  Wind  direction,  mast  (c) . 

Frame  Type  3: 

1.  Sea  temperature  (°C) . 

2.  Dry-bulb  temperature  (°C) . 

3.  Wet-bulb  temperature  #1  (°C) .  Note:  On  August  8,  1974,  at  1900 
GMT,  during  Phase  II,  the  Oceanographer  converted  one  of  its  wet 
bulbs  to  a  dry  bulb;  wet-bulb  #2  became  dry  bulb  #2. 

4.  Wet-bulb  temperature  #2  (CC) . 

Frame  Type  4: 

2 

1.  Incident  solar  radiation  (Eppley,  W/m  ). 

2.  Incident  solar  radiation  (Yanishevsky ,  W/m  ),  mounted  on  the 
Oceanographer  only.  _ 

3.  Reflected  solar  radiation  (W/m  ). 

4.  Net  radiation  (W/m^) . 


The  high-resolution  data  set  (4-s  averages)  does  not  have  Frame  Type  4. 

The  following  microfilm  reels  contain  the  U.S.  B-scale  ship  boom  surface 
meteorological  and  radiation  data.   Each  microfilm  frame  of  the  hourly 
averages,  hourly  observations,  30-min  averages,  and  10-min  averages  repres- 
ents 72  hr  of  information.   The  tick  marks  on  the  abscissa  indicate  time. 
The  times  along  the  abscissa  are  in  Greenwich  Mean  Time  (GMT)  and  the  Julian 
day  is  indicated  at  the  beginning  of  the  frame. 
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Hourly  Averages,  Hourly  Observations , 
and  3-Minute  Averages 


Reel  No.  Data 

1  Hourly  averages  and 
hourly  observations 

2  Time  series  of 
3-min  averages 

3  Time  series  of 
3-min  averages 

4  Time  series  of 
3-min  averages 

5  Time  series  of 
3-min  averages 

6  Hourly  averages  and 
hourly  observations 


Ship 

Researcher ,  Gilliss 
Dallas,  Oceanographer 

Researcher,  Gilliss 
Dallas ,  Oceanographer 

Researcher ,  Gilliss 
Dallas ,  Oceanographer 

Researcher ,  Gilliss 
Dallas,  Oceanographer 

Researcher,  Gilliss 
Dallas ,  Oceanographer 

Researcher,  Gilliss 
Dallas,  Oceanographer 


Time  Period 


IC  1,  2,  3 


IC  1,  2,  3 


Phase  II 


Phase  I 


Phase  III 


Phases  I,  II,  III 


Reel  No, 


10-  and  30-Minute  Averages 
Data  Ship 


Time  series  plots  of 
30-min  and  10-min 
averages 


Researcher 
Gilliss 
Dallas 
Oceanographer 


Time  Period 

Phase  I,  II,  III 

Phase  I,  II,  III 

Phase  I,  II,  III 

Phase  I,  II,  III 


Each  microfilm  frame  of  4-s  averages  represents  a  1-hr  time  period,  with  the 
exception  of  the  Gilliss  Phase  III  data.   Each  tick-mark  on  the  abscissa  is 
labeled  in  Julian  seconds  since  the  beginning  of  the  year,  and  the  tick-marks 
are  spaced  every  10  min  with  the  exception  of  the  Gilliss  Phase  II  data.   The 
first  time  of  each  frame  is  also  given  in  terms  of  the  Julian  day  and  the 
Greenwich  Mean  Time  (GMT)  hour  and  minute.   Each  frame  of  the  Gilliss  Phase 
III  data  represents  30  min  of  time  and  the  tick-marks  are  spaced  every  5  min. 


Reel  No, 


Data 


4-Second  Averages 
Ship 


Time  series  of  the     Researcher ,  Gilliss 
4-s  averages  - 


Time  series  of  the 
4-s  averages 


Dallas ,  Oceanographer 
Researcher 


Time  Period 


IC  1,  2,  3 


Phase  I 


Time  series  of  the 
4-s  averages 


Gilliss 


Phase  I 


4-Second  Averages  (continued) 
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Reel  No. 


Data 


10 


11 


12 


13 


14 


Time  series  of  the 
4-s  averages 

Time  series  of  the 
4-s  averages 

Time  series  of  the 
4-s  averages 

Time  series  of  the 
4-s  averages 

Time  series  of  the 
4-s  averages 

Time  series  of  the 
4-s  averages 

Time  series  of  the 
4-s  averages 

Time  series  of  the 
4-s  averages 

Time  series  of  the 
4-s  averages 

Time  series  of  the 
4-s  averages 

Time  series  of  the 
4-s  averages 


Ship 


Dallas 


Oceanographer 


Researcher 


Gilliss 


Dallas 


Oceanographer 


Researcher 


Gilliss 


Gilliss 


Dallas 


Oceanographer 


Time  Period 
Phase  I 

Phase  I 

Phase  II 

Phase  II 

Phase  II 

Phase  II 

Phase  III 

Phase  III,  Part  1 

Phase  III,  Part  2 

Phase  III 

Phase  III 


When  ordering  these  data  from  WDC-A,  include  the  following  identification 
and  descriptive  information  on  the  request  form  for  each  microfilm: 


Identification 
S.   TT.   CC.   DDD, 
3    30    02    103 


Description 


Microfilm  Reel  No.  35/N 


N  is  the  appropriate  reel  number  taken  from  the  inventory  given  above. 
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APPENDIX  A 

Detailed  Tape  Formats  and  Examples 

The  tapes  containing  the  U.S.  GATE  B-scale  ship  data  have  been  written 
according  to  the  specifications  put  forth  in  GATE  Report  No.  13,  Part  1, 
Appendix  E  (World  Meteorological  Organization,  Geneva,  Switzerland) .   Each 
data  set  has  been  written  on  a  9-track,  800  BPI,  odd-parity  tape  in  EBCDIC, 
with  the  data  blocked  into  fixed  length  physical  records  of  1920  characters. 
Each  tape  consists  of  six  types  of  physical  records  separated  by  inter-record 
gaps  and  blocked  into  files  (separated  by  end-of-file  marks,  EOFs,  also  called 
tape  marks)  in  the  following  sequence: 


Test 

file 

EOF 

Tape 

header 

record 

EOF 

Type 

1 

file 

header 

record 

Type 

2 

file 

header 

record 

Data 

EOF 

Type 

1 

file 

header 

record 

Type 

2 

file 

header 

record 

Data 

EOF 

Meteorological  and  radiation 
data  file  No.  1. 


Meteorological  and  radiation 
data  file  No.  2. 


(Additional  meteorological 
and  radiation  data  files) 
EOF 

End-of-tape  record 
EOF 
EOF. 
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The  test  file  consists  of  300  test  records,  each  containing  1920  test 
characters.   A  test  character  is  defined  as  all  Is,  octal  "77"  in  BCD,  hexa- 
decimal "FF"  in  EBCDIC,  and  binary  "11111111"  in  Minsk-32  code    (i.e., 

111111110  =  FF.,). 
2     16 

The  tape  header  record  contains  the  tape  identification,  name  of  the 
country  and  institution  writing  the  tape,  the  creation  date,  the  type  of 
computer  used,  and  the  GATE  translation  table  (character  code) ,  which  defines 
the  characters  used  by  the  computer  writing  the  tape. 

The  files  containing  the  meteorological  and  radiation  data  begin  with 
one  Type  1  file  header  record  and  two  or  more  Type  2  file  header  records. 
Figures  A.l  and  A. 2  show  Type  1  and  Type  2  file  header  records  for  the  4-s 
average  and  3-min  average  data  sets,  respectively.   Selected  characters  in 
Type  1  and  Type  2  file  headers  are  as  follows: 

Byte 
character  numbers  Description 

2-6  The  word  GATE 

13-24         File  number  (for  example  -  S4I3SFC4S001) 
S4  =  ship  4  where 

(1  =  Researcher 

2  E  Gilliss 

3  E  Dallas 

4  =  Oceanographer) 
13  =  Inter comparison  3 

(I  =  Intercomparison 
P  E  Phase) 
SFC  e  surface 
4S  e  4-s  data  set 

(3M  E  3-min  average 
10  e  10-min  average 
30  e  30-min  average 
HR  e  hourly  average 
HO  E  hourly  observation) 
001  e  tape  number 
30-35         Date  this  file  was  created  (YYMMDD) 
YY  e  Year,  MM  =  Month,  DD  =  Day 
42-59         Country  -  United  States 
60-77         Institution  generating  tape  -  CEDDA 
84-87         Platform  type  -  Ship 
96-119        Platform  name 
130-153        Chief  scientist 

242-258        Date  and  time  of  first  observation  (CCYYMMDDHHMMSSMMM) 
259-265        Latitude  of  the  ship  at  the  first  observation  (1DDMMHH) 
266-273        Longitude  of  the  ship  at  the  first  observation  (±DDMMHH) 
322-338        Date  and  time  of  the  last  observation 

(CCYYMMDDHHMMSSMMM) 
339-345        Latitude  of  the  ship  for  the  last  observation  (tDDMMHH) 
346-353        Longitude  of  the  ship  for  the  last  observation  (±DDMMHH) 


72 


—i    CM 

co 

NT 

in 

O 

r- 

CO 

UN  O 

r-t  CM 

o  o 

o 

o 

O 

o 

o 

o 

O  r-H 

r-»  r-t 

o  o  o 

o 

o 

o 

o 

o 

o  o 

O  O 

co 

o- 

^ 

o> 

I— < 

a> 

1—1 

0^ 

< 

On 

< 

0^ 

o 

o^ 

CNJ 

00 

2 

On 

— t 

LU 

•» 

on 

ON 

ON 

o 

OO 

a> 

ON 

ON 

< 

a 

(T< 

ON 

ON 

a. 

LU 

o-> 

ON 

LU 

►  Z 

o 

On  h- 

> 

<  o 

On 

ON 

< 

< 

Q  oO 

on 

ON 

oo 

Q  2 

o 

ON 

\ 

a 

LU  < 

a> 

ON 

> 

2 

o  x 

on 

ON 
ON 

O 

z> 

O 

* 

o 

ON 

CO 

LU 

—> 

en 

ON 
ON 

in 

ON 

•■ 

00 

1 

• 

o 

ON 

ON 

CNJ 

<h 

C/)  ^ 

o 

0N 

ON 

• 

LU 

a* 

ON 

ON 

n0 

•■ 

t-   • 

cr 

o 

CM 

LL 

< 

<  ty 

on 

• 

• 

ON 

}~ 

i-  a 

on 

ON 

CM 

•■ 

< 

00  CJN 

o 

ON 

rH 

r-< 

a 

ON 

On 

CM 

O 

t 

Q  Q\ 

o 

1 

-H 

ON 

s0 

_j 

LU  0> 

cr 

ON 

LL 

< 

»-  ON  O 

ON 

CNJ 

o 

i—i  (J> 

on 

ON 

*■ 

►—i 

2-  On 

o 

ON 

ON 

ON 

o 

o 

id  on 

& 

ON 

ON 

ON 

• 

o 

On 

& 

ON 

ON 

ON 

«o 

_l 

CJN 

on 

ON 

ON 

ON 

u_ 

o 

o- 

ON 

ON 

ON 

r- 

DC 

cr 

ON 

ON 

ON 

— < 

o 

on 

ON 

ON 

ON 

• 

LU 

o 

ON 

ON 

ON 

o 

h- 

ao 

o 

ON 

ON 

ON 

LL 

UJ 

CM 

a- 

r«- 

r~ 

ON 

•» 

s: 

co 

0^ 

LO 

.—I 

ON 

CO 

O 

o 

r^ 

xt- 

ON 

• 

LU 

ri 

0^ 

— a 

LO 

ON 

h- 

i  < 

r*- 

o 

r— 1 

<— 1 

ON 

LL 

< 

on 

On 

C\J 

CM 

ON 

CNJ 

LL 

o>  Qt 

o> 

CM 

CNJ 

ON 

•» 

0m 

cy 

On  LU 

o^ 

1 

1 

ON 

Is- 

— » 

r> 

on  x 

a^ 

ON 

^ 

i—i 

X 

OO 

a>  a. 

on 

m 

co 

ON 

o 

^ 

00 

-H  < 

0* 

CM 

o 

ON 

• 

sO 

.^ 

-z. 

O  CC 

on 

in 

<l- 

ON 

■4- 

1— 1 

•■ 

o 

o  o 

<?■ 

sj- 

<i- 

ON 

0m» 

r-H 

►— < 

oO  O 

<?■ 

r- 

r» 

ON 

t-H 

• 

t- 

•J-  2 

0n 

ON 

H 

v0 

3 

o  < 

o 

ON 

•- 

U- 

_) 

|_L  LU 

0^ 

o 

o 

ON 

X 

<1- 

o 

OO  l_> 

on 

o 

o 

ON 

ON 

m 

00 

m  o 

0^ 

r» 

CO 

ON 

<r 

— ^ 

o 

LU 

Q. 

ON 

CO 

CO 

O' 

o 

*■ 

• 

CC 

o- 

ON 

r^ 

in 

ON 

ON 

m 

sO 

CO 

ON 

in 

on 

ON 

CM 

•— i 

LL 

X 

o 

ON 

sf  in 

ON 

O 

»• 

CNJ 

o 

^  O- 

ON 

■—I 

CO 

ON 

o 

»- 

I— » 

>4"  LU 

ON 

o 

CM 

ON 

— H 

-H 

X 

O  f- 

ON 

o 

r-^ 

ON 

i— i 

• 

CM  3: 

ON 

CO 

o 

ON 

•* 

>o 

O  CL 

ON 

00 

ON 

ON 

«t 

LL 

i— t 

ON 

o 

o 

ON 

m 

•— » 

CM 

LU  X 

ON 

<r 

>}• 

ON 

CM 

•» 

h-   00 

ON 

r- 

r» 

ON 

>H 

<  —1 

ON 

0N  ON 

ON 

o 

i—i 

O  ro 

ON 

r- 1 

r-» 

ON 

>— 

mNj-msoi^couN0_(cMcovr 
oooooooooooo 


a 

LU  OO 
LU   CC 

a.  lu 

OO  h~ 
LU 

a.  s: 

x  a 
oo  <r 
a. 
a: 

O  Z 
u_  O 

00  I— 

LU  < 

O  •— * 
<t  Q 
ct:  < 

LU  CC 

> 
<    • 

OO 
Q  LU 
Z  -J 
O  CO 
o  < 

LU  •— ■ 

oo  a: 

I  < 
*t  > 


LU  Q 
O  CC 

o 
o 

LU 
CC 


LU 

X 


OO  O 

z.  o 


< 

<  X 

< 
O  O 

I- 
X 
O  Q 

<  LU 
LU  Z 

o 

z  t-l 

»—  OO 
00 

LU   < 
Q 
3  LU 


_j  oo 

o  »- 

CC  X 

a  i- 

LU 

I-  2 

LU  •— 


O 


LU  Q 

OO  _l   LU 

_l  Q 
<  <  Z> 


QmIO 

ZZ  LU 

<  o  o 

2  < 

lu  ct: 

O  LU  LU 

3  X  > 

h-  \~  < 


<  a  o  i-  y-  \- 

o  z  z  <  <  o 

oo  z: 

t-<  o  i—  LU  a  LU 

x  z  o  x  »--i  a: 

I-  •->  2  I-  h-  < 

a  •- 

<  LU  OO  Q 

lu  or  o  2 

X  <  Q.  < 


a) 
ro 

0) 


CD 

H 

O 
CJ 

a) 


•H 

m 

Li 

a) 
a) 


M) 

•H 
Lu 


i— ir\iro>TLnvO(^ooy>0'-ic\jrn>i-LnvOf>*-oooN0'— t  oj  rn  **■ 

OoOOOOOOOi-li-ti-lf-li-l.-4i-li- 1  <—*<—•   CNJ   CNJ  CNJ  OsJ   (NJ 

oooooooooooooooooooooooo 


73 


1/0 

OO 

< 

< 

(— 

K 

< 

< 

Q 

Q 

cr« 

o> 

0 

0^ 

ON 

ON 

ON 

c* 

ON 

ON 

0^ 

CJN 

on 

CJN 

CT> 

Z 

ON 

Z 

ON 

ON 

On 

0> 

ON 

ON 

cr> 

0> 

• 

o 

ON 

o 

O 

ON 

o 

ON 

ON 

ON 

a* 

0^ 

0^ 

ON 

0^ 

T3 

C* 

ON 

0n 

►— 1 

O 

1— 1 

0> 

ON 

ON 

a> 

0^ 

cc 

cr 

ct 

en 

cc 

ON 

cc 

cu 

ON 

o^ 

C* 

K 

ON 

1- 

ON 

ON 

ON 

ON 

ON 

o 

ON 

o 

ON 

O    ON 

c 

3 

On 

on 

en 

< 

ON 

< 

O 

0> 

ON 

ON 

ON 

t- 

ON 

h- 

ON 

1- 

ON  H- 

•H 

c 

0 

CT> 

ON 

on 

O 

ON 

CJN 

CT> 

0^ 

ON 

ON 

ON 

oo 

ON 

oo 

ON 

OO   ON 

oo 

O 

o 

o 

»— I 

o 

t— 1 

CM 

o 

(NJ 

o 

o 

t— 1 

o 

[— ( 

o 

1—1 

o 

r— 1 

O 

o 

o 

> 

o 

> 

o- 

o 

^ 

o 

cc 

o 

5T 

o 

5: 

o 

s: 

o 

s: 

O 

o 

o 

< 

o 

< 

O 

o 

o 

o 

a: 

o  o 

o 

ct: 

o 

cc 

o 

ct 

o 

or 

a 

• 

• 

• 

Z 

• 

z 

■ 

o 

I 

• 

o 

t 

oo 

• 

LU 

t 

LU 

• 

LU 

• 

LU 

N — • 

o 

o 

o 

o 

o 

_l 

o 

o 

oo 

O  2 

o 

X 

o 

X 

o 

X 

o 

X 

CO 

51 

s: 

z 

LU 

1- 

h- 

H- 

1- 

O 

o 

Q 

LU 

to 

bC 

a: 

a: 

LU 

00 

• 

• 

• 

• 

rO 

LL 

LL 

LU 

oo 

LU 

\- 

t- 

r- 

1- 

L< 

o 

o 

o 

o 

o 

a 

o 

00 

o 

LU 

o 

cc 

o 

00 

o 

00 

o 

00 

o 

oo 

0) 

> 

CO 

• 

• 

• 

O 

• 

a 

• 

O0 

• 

< 

• 

cc 

• 

3 

• 

z 

• 

z 

• 

z 

• 

z 

o 

it 

o 

^. 

o 

LU 
> 

•—i 

o 

LU 

> 

o 

cc 

LU 

o 

Cl 

o 

o 

3 

00 
00 

o 

OO 

oo 

LU 

o 

1— 1 

o 

1—1 

o 

o 

1 — 1 

(J 

o 

r— 1 

a] 

1 

o 

o 

cc 

cc 

_l 

o 

LU 

CC 

z 

z 

z 

z 

-d- 

o 

o 

LU 

LU 

Cl 

o 

a 

Cl 

F-< 

r-t 

1— 1 

t— < 

^ 

_j 

_J 

Q 

Q 

Cl 

cc 

Cl 

DC 

ct 

ct 

o 

ct 

a: 

o 

o 

o 

u 

o 

o 

o 

O 

o 

> 

o 

o 

(- 

o 

Cl 

o 

Cl 

o 

CL 

• 

o 

T3 

t 

• 

• 

z 

• 

z 

e 

Q 

• 

o 

• 

z 

• 

z 

• 

oo 

• 

oO 

• 

O0 

f- < 

oo 

u 

.— 1 

_J 

r^ 

-J 

— 1 

o 

-^ 

o 

-^ 

r^ 

r-H 

< 

r-( 

3 

l-t 

.— t 

— 1 

o 

CJ 

cu 

< 

< 

1— 1 

►— 1 

> 

> 

X 

o 

2 

^ 

-^ 

3 

1- 

K 

1- 

t- 

CC 

ct 

00 

2: 

o 

o 

o 

o 

r-l 

•— 1 

*— « 

k-H 

►— 1 

CC 

cc 

_J 

UJ 

_l 

_J 

_J 

_J 

o 

o 

O0 

oo 

LU 

LU 

_J 

00 

_J 

_i 

_J 

_l 

cu 

t— • 

►— " 

a 

o 

a. 

Cl 

o 

o 

LU 

LU 

LU 

LU 

■H 

m 

Q 

Q 

Q- 

Ou 

• 

OO 

oo 

^. 

cc 

oo 

> 

oo 

> 

oo 

> 

oo 

> 

o 

3 

3 

3 

3 

o 

O 

m 

m 

LU 

r-* 

o 

oo 

r-( 

oo 

r-* 

1— < 

(NJ 

►— t 

<NJ 

1— t 

OJ 

F— 1 

CM 

r-l 

o 

o 

o 

o 

00 

o 

o 

CL 

o 

cc 

o 

o 

o 

LJ 

o 

u 

o 

u 

o 

0) 

cu 

CO 

^- 

00 

oo 

CO 

O0 

CO 

^ 

CO 

OO 

co 

< 

co 

< 

oo 

_l 

co 

_J 

CO 

_l 

CO 

_J 

CO 

Q 

oo 

UJ 

LU 

00 

LU 

co 

co 

LU 

LU 

LU 

LU 

Q 

oo 

LU 

LU 

CC 

LU 

*— • 

t — 1 

o 

o 

o 

o 

m 

s: 

s: 

cc 

CC 

LU 

cc 

—1 

_J 

* 

• 

e 

c 

1 

5: 

s: 

o 

o 

(~ 

<s> 

_l 

—J 

o 

o 

o 

o 

1 

> 

X 

LU 

LU 

LU 

in 

LU 

<i- 

1— 1 

(NJ 

r— * 

r- 

LU 

CT- 

LU 

LU 

LU 

rH 

> 

X 

Q 

a 

s: 

i— i 

Q 

r-l 

s: 

o 

51 

ro 

Q 

(NJ 

Q 

(NJ 

o 

CO 

o 

r^ 

CM 

(NJ 

in 

UN 

o 

<t- 

o 

<*■ 

o 

1— 1 

o 

1-^ 

o 

r-4 

o 

LO 

o 

UN 

o 

UN 

< 

r-l 

(NJ 

(NJ 

(NJ 

r-l 

vt 

o 

o 

o 

o 

o 

o 

o 

O 

r-l 

r^ 

(M 

z 

rH 

z 

vj" 

z 

V*"     Z 

LT\ 

z 

LO 

z 

LO 

z 

UN 

z 

0) 

r-l 

5C 

00 

00 

oo 

oo 

oo 

r-H 

oo 

CM 

00 

r-^ 

o-) 

LU 

• 

• 

• 

• 

QL 

LU 

Cl 

Cl 

Q. 

Cl 

•H 

o 

3 

CC 

s: 

51 

51 

2: 

p^ 

z 

oo 

3 

LU 

LU 

LU 

LU 

a 

r— 1 

oo 

oo 

\r- 

t- 

1- 

1- 

LU 

LU 

Q 

UJ 

oo 

• 

LU 

Q 

LU 

< 

a: 

UJ 

LL 

C0 

C0 

m 

Q 

3 

CL 

LU 

Cl 

cc 

a: 

_J 

_J 

_J 

3 

H- 

OO 

X 

• 

a. 

3 

3 

3 

3 

t- 

»— i 

00 

• 

00 

CO 

CO 

CO 

LLI 

UJ 

>— i 

CO 

Q. 

CL 

_) 

LU 

K 

O  5 

ON 

H- 

o 

2 

ON 

►— < 

ON 

t— 1 

ON 

-J 

ON 

00    ON 

< 

ON 

> 

0> 

> 

ON 

t- 

ON 

<r 

O 

i — i 

o 

< 

ON 

O 

O 

X 

ON 

X 

ON 

o 

ON 

o 

c* 

LU 

0^ 

ct 

o 

CC 

o 

LU 

ON 

Q 

On  1- 

0> 

_J 

on 

_J 

on 

oo 

0> 

oo 

ON 

X. 

ON 

cc 

ON 

OO 

ON 

Q 

ON 

a 

ON 

2 

ON 

O 

O* 

o 

ON 

O 

ON 

o 

ON 

O 

0^ 

o 

ON 

o 

ON 

o 

0^ 

o 

ON 

o 

ON 

o 

ON 

o 

0> 

O 

On 

o 

Q> 

O 

ON 

o 

ON 

ON 

0^ 

r-l 

ON 

o 

ON 

O    ON 

m 

ON 

t-i 

o> 

—1 

ON 

CM 

o 

.— I 

ON 

o 

0 

c\l 

ON 

m 

on 

a> 

ON 

-^ 

ON 

o 

a* 

O  ON 

o 

0^ 

o 

0^ 

o 

ON 

o 

ON 

o 

&  o 

on 

t— i 

ON 

»-< 

ON 

(NJ 

0^ 

— 1 

ON 

sf 

ON 

v*   0> 

LT\ 

ON 

LO 

QN 

lh 

ON 

UN 

ON 

<M 

CM 

(NJ 

(NJ 

(M 

(NJ 

(NJ 

CM 

(NJ 

(NJ 

CNJ 

(NJ 

(NJ 

(NJ 

(NJ 

fNJ 

(NJ 

(M 

(NJ 

(M 

f\J 

(NJ 

(M 

CM 

74 


oooooooooooooooooooooooo 


o 


o 


r— 1 

CNJ 

r-4 

CNJ 

O 

LU 

LU 

O 
LU 

CD 

CD 

CD 

CD 

CL 

CY 

rx 

_l 

_J 

_J 

_J 

1 — 1 

►—1 

•— 1 

3 

3 

3 

3 

O 

Q 

O 

On 

0> 

CO 

ON 

CD 

ON 

CD 

cr 

CD 

ON 

ON 

ON 

O 

0^ 

ON 

CJN 

0^ 

0 

ON 

ON 

ON 

ON 

c^ 

ON 

O- 

ON 

a 

O^ 

O 

CJN 

O 

• 

O 

a> 

H 

ON 

K 

ON 

(~ 

CJn 

(- 

ON 

CC 

ON 

Q£ 

ON 

ON 

0> 

z 

O^ 

Z 

ON 

z 

O  CC 

o 

LU 

ON 

LU 

0> 

LU 

ON 

LU 

ON 

LU 

ON 

LU 

ON 

0> 

ON 

<t 

ON 

< 

CJN 

< 

a) 

a*  o 

O^ 

3: 

CJn 

3 

CJn 

3 

ON 

3 

ON 

t- 

ON 

f- 

ON 

0 

ON 

0> 

CJN 

3 

ON  h- 

a^ 

CJn 

O* 

0* 

ON 

LU 

o> 

LU 

ON 

0^ 

0^ 

a 

0^ 

a 

CJN 

0 

C 

O  co 

on 

Q 

CJN 

Q 

ON 

Q 

0> 

Q 

cr 

^ 

ON 

^ 

ON 

ON 

0^ 

LU 

a> 

LU 

CJN 

LU 

•H 

(JN    H- * 

o 

2T 

0> 

Z 

o 

2" 

ON 

Z 

0 

O 

0 

O 

0 

0 

0 

LU 

0 

LU 

O 

LU 

4-1 

0 

0>   2" 

o 

< 

O 

< 

o 

< 

O* 

< 

0 

51 

0 

ST 

0 

0 

0 

a. 

0 

a. 

O 

Ql 

o  ex 

o 

o 

o 

0 

0 

LU 

0 

LU 

0 

LU 

0 

LU 

O  CO 

0 

CO 

O 

CO 

0 

•    LU 

• 

r-^ 

t 

-^ 

• 

r— 1 

* 

^ 

• 

z 

• 

■z 

• 

z 

• 

z 

t 

• 

• 

N-^ 

O  X 

o 

o 

o 

0 

0 

< 

0 

<I 

0 

< 

0 

< 

0 

0 

0 

a 

O 

O 

1— 

CD 

CD 

CD 

CD 

> 

> 

z 

z 

z 

cn 

CO 

_J 

_) 

_1 

_J 

a 

a 

0 

0 

1 ! 

►—i 

l-H 

• 

3 

3 

3 

3 

3 

3 

CL 

ex 

3 

3: 

3 

cd 

J- 

CD 

CD 

CD 

CD 

0 

0 

O 

0 

M 

O  CO 

o 

o 

o 

0 

0 

l 

0 

1 

0 

t— t 

0 

1— 1 

0 

51 

0 

2: 

O 

1— 

0) 

•  z 

* 

> 

• 

> 

• 

> 

• 

>- 

• 

CO 

• 

ro 

• 

ST 

• 

2; 

• 

O 

• 

0 

• 

CO 

^ 

O     «-H 

o 

ac 

o 

CX 

o 

CC 

0 

CC 

0 

0 

0 

0 

0  c 

0 

0 

O 

< 

Q 

a 

a 

Q 

_i 

_i 

_J 

_J 

CD 

CD 

2: 

Cfi 

o 

_i 

_i 

_J 

_J 

1 

z 

2: 

2: 

2: 

2: 

»—i 

1— 1 

»— t 

►— ( 

21 

2! 

2: 

<r 

I— 1 

o 

o 

0 

0 

O 

O 

O 

0 

O 

O 

0 

K 

a: 

a: 

CX 

or 

or 

cx 

CL 

CC 

co 

O  O- 

o 

LL 

o 

LL 

o 

LL 

0 

LL 

0 

O 

0 

O 

0 

O 

0 

0 

0 

LL 

0 

LL 

O 

LL 

-a 

•  co 

• 

• 

t 

• 

■ 

2 

• 

2 

• 

Z 

t 

Z 

• 

• 

• 

Li 

~H 

~* 

Q 

— 1 

Q 

iH 

Q 

—t 

Q 

iH 

3 

.—1 

3 

p-^ 

3 

-^ 

3 

r^ 

O 

-^ 

Q 

r-H 

a 

O 

u 

QJ 

3 

LU 

LU 

LU 

LU 

O 

O 

O 

O 

LU 

LU 

LU 

o 

_l 

> 

> 

> 

> 

>- 

>- 

> 

> 

> 

> 

> 

CL 

CC 

CL 

CL 

5: 

^ 

51 

51 

CL 

or 

CC 

0) 

UJ 

LU 

LU 

LU 

LU 

t 

• 

• 

• 

LU 

LU 

LU 

H 

•H 
<4H 

co  > 

Q 

Q 

CO 

O 

CO 

O 

• 

CL 

• 

CL 

CL 

CL 

• 

O 

• 

O 

• 

O 

3 

3 

3 

O 

0 

O 

0 

O 

•-H     C\J 

• 

CM 

• 

(M 

»— 1 

CNJ 

1— 1 

CM 

LU 

—4 

LU 

T-A 

O 

O 

LU 

p-l 

LU 

.— 1 

LU 

^ 

f-l 

o  o 

o 

O 

o 

O 

u 

O 

O 

O 

O0 

O 

CO 

0 

O 

O 

co 

O 

00 

O 

CO 

O 

0) 

_i  co 

^ 

CO 

^ 

CO 

_J 

CO 

_J 

CO 

"s 

CO 

\ 

CO 

CO 

CO 

co 

CO 

V. 

CO 

\ 

CO 

\ 

CO 

T3 
CO 

0) 

LU 

\ 

V. 

LU 

LU 

CO 

co 

LU 

LU 

co 

co 

CO 

o 

co 

CO 

<_> 

O 

(X 

CL 

LU 

LU 

CL 

CL 

CL 

• 

2: 

2: 

• 

• 

LU 

LU 

ex 

CL 

LU 

LU 

LU 

o 

< 

< 

o 

O 

h- 

H 

0 

O 

t~ 

h- 

\- 

1 

LU 

ex 

ex 

LU 

LU 

LU 

CM 

LU 

h- 

LU 

CM 

LU 

r» 

LU 

LU 

LU 

H 

Q  00 

o 

O 

o 

a 

ST 

LT\ 

s: 

p- 

a 

O 

O 

CM 

21 

SI 

2" 

O  LT> 

o 

O 

o 

0 

O 

H 

0 

^^ 

0 

CM 

O 

CM 

O 

O 

O 

■< 

O 

CM 

cnj 

o 

0 

.—4 

^H 

0 

O 

m 

m 

m 

LO  Z 

LT\ 

in 

in 

LT\ 

CM 

Z 

CM 

z 

CM 

Z 

CM 

z 

CM 

CM 

CM 

a) 

CM  CO 

i— ( 

CNJ 

21 

CO 

1— 

co 

co 

CO 

21 

2: 

\- 

•H 

• 

^H 

CNJ 

O 

CO 

s: 

H- 

O 

O 

co 

0_ 

> 

> 

O 

< 

0 

00 

O 

O 

< 

2: 

\r- 

i- 

• 

• 

CD 

51 

0 

< 

CD 

CO 

2: 

PH 

LU 

i — i 

t— 4 

o_ 

Q. 

1 

1 

CO 

ST 

•* 

•> 

» 

h- 

a 

a 

2: 

LU 

21 
LU 

Q 
LU 

a 

LU 

1 

• 

• 

• 

51 
O 

2: 
0 

21 
O 

CD 

2: 

2: 

t- 

h- 

LU 

LU 

CL 

CL 

O 

0 

O 

_J 

3 

3 

• 

• 

o_ 

a 

1 — t 

1— « 

1 

1 

1 

3 

X 

X 

(— 

h- 

oo 

CO 

a 

Q 

3 

> 

3 

CD 

• 

• 
a 

D_ 

a 

Q 

a 

a 

O 

a 

a 

Q 

H   on 

LU 

cr* 

LU 

o 

3 

ON 

^ 

& 

2 

0 

2 

o> 

z 

ON 

Z 

0> 

z 

o> 

z 

0> 

Z 

CJN 

LU   On 

CL 

CJn 

a 

cjn 

LU 

CJN 

LU 

ON 

t— 1 

0^ 

►— 1 

ON 

•— 1 

ON 

1 • 

cr 

t—4 

ON 

»— * 

CJN 

1— » 

0> 

2   CJn 

on 

0> 

00 

V- 

Q 

ON 

Q 

ON 

3 

o> 

^ 

en 

3: 

CJN 

3 

0^ 

S 

0> 

3 

CJN 

3: 

CJN 

O  O 

O 

o 

o 

o 

o 

0 

0 

0 

O 

0^ 

0 

ON 

0 

ON 

O 

0^ 

O 

ON 

0 

CJN 

O 

a> 

CM     CT* 

O 

ON 

o 

ON 

^ 

o> 

N* 

ON 

ON 

0> 

0 

en 

■— 1 

0> 

— A 

CJN 

nO 

0^ 

r- 

ON 

nO 

0 

O  0 

•4- 

ON 

sl- 

ON 

o 

cr 

0 

CJn 

LTv 

0> 

LO 

on 

0 

cr> 

O 

o> 

^ 

0> 

sfr  o^ 

<1- 

On 

LT\   CJN 

LO 

0^ 

LO 

CJn 

LTv 

en 

LO 

& 

CM 

c> 

CM 

0> 

CM 

0* 

CM 

cr 

CM  O 

CM 

CJN 

CM 

C^ 

CM  (M 

OJ 

CM 

CNJ 

CNJ 

C\J 

CNJ 

CNJ 

CNJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

75 


•j-mmmmmmLnmLnm>Ov0>OvO^Ov0s0-ONON0r'-r^r,~- 
oooooooooooooooooooooooo 


cc 


o 
cr> 
o 
o» 
o> 

o 
o 
o 
o 


o  a 


CO 

< 


2: 

O 
a. 
u_ 

Q 

LU 

> 

►—I 

a: 

LU 

a 


o 

LU 
00 

00 


LU 


T3 
<U 

c 

•H 
•U 

o 
a 


03 
U 

I 

CO 


en 

H 
O 

a 


•H 

<4-l 

a> 

RJ 

QJ 

1 


0 

m 

c\j 

h- 

oo 

< 

5T 

»■ 

2: 

0 

0 

1 

> 

«■ 

0 

z- 

0> 

>— 1 

O 

2 

Cn 

0 

cr 

r- 

CT^ 

<t- 

0^ 

OJ 

U 
M 

■H 


CNJ   & 

c\Jrvjc\ir\4c\jc\ir\jc\jc\ic\jc\jr\jc\j(\icsjr\jc\ic\jc\ic\j(\ic\ic\jc\j 


76 


r-l    C\J 

m 

-r 

in 

v0 

r- 

00  cr  O 

o  o 

o 

o 

o 

o 

o 

O  o  -< 

o  o 

o 

o 

o 

o 

o 

o  o  o 

m 

cr 

r-* 

cr 

—t 

cr 

~* 

cr 

< 

cr 

< 

cr 

o 

cr 

fNJ 

Z 

cr 

— * 

•• 

cr 

cr 

cr 

LO 

cr 

cr 

CT 

Q 

cr 

Cr 

CT 

LU 

CT 

cr 

►  z 

o 

cr 

h- 

<  o 

cr 

cr 

< 

O  00 

CT 

cr 

00 

Q  Z 

cr 

CT 

\ 

LU  < 

0"> 

cr 

> 

O  X 

cr 

cr 

O 

*■ 

cr 

CT 

3 

— . 

• 

CT 

CT 

cn 

s0 

-5 

cr 

cr 

in 

»— i 

cr 

cr 

CT 

••  i<^ 

• 

cr 

ff» 

cr 

^-t  -^ 

OO  ^ 

cr 

cr 

cr 

.  X 

LU 

CT 

cr 

cr 

o  o 

1-       • 

en 

o 

(NJ 

u_  ^ 

<  cc 

cr 

• 

• 

*MT           •» 

h-  Q 

ON    ON 

m 

v0    -1 

00  CT> 

cr 

cr 

r^ 

»■     • 

cr 

0s  <\| 

o 

s0  o 

Q  cr 

0> 

1 

-^ 

a> 

<-i    LL 

LU   CT 

cr 

cr 

-  ** 

H-  CT 

0" 

a> 

o    •• 

i— i  o> 

cr 

a* 

•  «■* 

Z  CT 

CT 

CT 

a> 

cr 

vO     vO 

=5  CT 

CT 

cr 

a^ 

cr 

LL   •-< 

CT 

CT 

cr 

a- 

cr> 

»■      ♦■ 

CT 

cr 

cr 

C7^ 

cn 

vO  o 

cr 

cr 

o 

o 

»— 1     • 

cr 

cr 

CT^ 

(7- 

•"    vO 

cr 

cr 

(7> 

cr 

fH  LL 

CT 

cr 

Cr> 

cr 

•  *•> 

00 

0s  cr 

<^ 

cr 

vO  (M 

.— ! 

o  r- 

r- 

cr 

LL     * 

CO 

cr 

r- 

ro 

cr 

*■  —* 

o 

CT 

LH 

in 

cr 

m  so 

^ 

CT 

^-H 

CO 

a-' 

•    HH 

r- 

cr 

i— t 

.—i 

cr 

r<-    •» 

CT 

0" 

CM 

(M 

Cr 

LL     rH 

o  a: 

cr 

(M 

N 

Cr 

<\J         • 

(J.   LU 

cr 

1 

1 

Cr 

►  v0 

cr  I 

cr 

CT 

5: 

r»  ll 

CT  Q. 

cr 

CT 

r» 

cr 

o 

>— i  —^ 

-H  < 

cr 

CM 

o 

cr 

• 

-  CM 

O  a: 

cr 

m 

ro 

cr 

o 

vO      * 

o  o 

cr 

^ 

•4" 

cr 

o 

•— <  c\| 

a:  O 

cr 

r» 

r*- 

cr 

o 

*~0            * 

X  Z 

CT 

cr 

ro 

v0    sO 

o  < 

cr 

cr 

«-  LL 

LU   LU 

(^ 

o 

o  a^ 

X  >t 

oo  o 

CT 

o 

o 

cr 

•&     ► 

CO  O 

CT 

o 

o 

cr 

—* 

<f  — 

Q_ 

CT 

o 

o 

cr 

cr 

►   vO 

^ 

cr 

o 

o 

cr 

v* 

in  m 

oo 

cr 

o 

o 

cr 

•— i    » 

O 

CT 

o 

o 

cr 

•-  C\J 

^  Q. 

cr 

r\l 

CNJ 

cr 

O     • 

>$■  LU 

cr 

o 

^ 

cr 

-H    vO 

o  t- 

cr 

o 

a> 

cr 

—<   LL 

<N  2 

CT 

m 

-^ 

cr 

»■  «^ 

O  Q- 

CT 

00 

o 

cr 

•4-  m 

•— i 

CT 

o 

o 

cr 

sO 

•— i 

LU   X 

cr 

<1- 

■4"  <7> 

•4" 

■• 

(_  oo 

CT 

r- 

r- 

cr 

—i 

<  ^ 

cr 

cr 

0^ 

cr 

o 

i — i 

O  CO 

cr 

1— 1 

^-» 

CT 

—» 

Hrgrn«Tinvor*oou»o>H(Njm>j- 

OOOOOOOOOOOOOO 


LU 


o^ 

•* 

< 

OO 

LU 

oo 

LU 

oo 

i— i 

»— < 

X 

_) 

LU 

h- 

1— 

_) 

O 

►— • 

LU 

< 

< 

CC 

1- 
2 

< 

LU 

z 

<S) 

LL 

LU 

«J 

or 

y— i 

LU 

O 

> 

3 

LU 

LL 

o 

< 

o 

> 

LU 

Q 

< 

IT) 

< 

Q 

a: 

CC 

LU 

LU 

Q 

o 

LU 

O 

X 

LU 

> 

LU 

o 

> 

< 

(- 

> 

_J 

_J 

LU 

< 

CL 

1— 1 

a: 

o 

cc 

LU 

• 

CC 

3 

> 

> 

> 

z 

LU 

a 

o 

V- 

_J 

< 

o 

Q 

X 

< 

CL 

t— 1 

< 

X 

■D 

> 

h- 

cc 

X 

1- 

(- 

O 

_J 

< 

o 

o 

< 

X 

=3 

•— c 

Q 

LL 

< 

LU 

Q 

o 

1- 

*■ 

O 

< 

t- 

X 

< 

X 

a: 

Cl 

LU 

o 

Q 

1— 

LU 

t- 

< 

LU 

< 

LU 

O 

o 

3 

LU 

Z 

a 

r» 

2 

X 

CL 

o 

or 

i— i 

LU 

SL 

z 

1—1 

_i 

t— 

Q 

O 

1—4 

00 

< 

=) 

»■ 

o 

00 

o 

LU 

_l 

Q 

LU 

< 

i— ' 

X 

O 

Z 

o 

a 

o 

\- 

2 

< 

(- 

3 

LU 

o 

•— 

t- 

s: 

_l 

U~l 

an 

Q 

i— i 

i— » 

o 

Z 

•■ 

CC 

LU 

O 

i— 

Qt 

t— i 

OO 

■D 

OO 

• 

2 

o 

< 

LU 

O 

3 

LU 

O 

_i 

LU 

t- 

_l 

X 

_J 

_l 

< 

y- 

z 

CD 

1 

OO 

CO 

2 

• 

LU 

o 

< 

LL 

LU 

< 

Q 

»— i 

OO 

s: 

o 

*— t 

-J 

-J 

►— 1 

Z 

s: 

LU 

cc 

< 

o_ 

ct 

< 

o 

o 

LU 

1- 

< 

X 

SL 

<r 

z 

< 

O 

LU 

> 

< 

> 

LU 

CC 

< 

00 

LU 

OO 

a 

LU 

LU 

LL 

_i 

X 

X 

3 

X 

> 

or 

< 

< 

1— 

LL 

<_> 

h- 

h- 

< 

Z) 

1- 

o 

O 

< 

»— t 

U~) 

< 

»— < 

z 

LU 

H- 

1- 

1- 

Q 

o 

o 

CC 

< 

< 

o 

o 

LU 

CC 

_J 

2 

00 

_l 

Q 

CD 

O 

2 

*— 1 

o 

LU 

SL 

LL 

LU 

O 

LU 

X 

DC 

CC 

3 

X 

»— • 

CC' 

(— 

o 

LU 

LU 

Z 

LU 

1- 

»— i 

< 

(— 

2" 

LU 

> 

oo 

Q 

LU 

LU 

X 

t— ' 

O 

Z 

5" 

o 

\~ 

o 

Q 

< 

CO 
Li 

I 

H 

O 


CO 

o 
u 

I 


•H 

m 

5-1 
OJ 

CO 

I 
I 

CN 


cu 

5-1 

3 

M 
•H 


-HC\jro>Tir\Nor«-aou>Oi-ic>sJrn^'Lnvt)r-ao(-r'0'HCNjrn^- 

000000000^^-t^H-^'-lr-|'-*rHr-li-((NJfMC\J(\JC\J 

oooooooooooooooooooooooo 


77 


• 

• 

• 

t 

t~ 

h- 

O 

O 

O 

O 

LU 

LU 

> 

> 

> 

> 

CO 

CO 

< 

< 

< 

< 

< 

< 

LU 

LU 

LU 

LU 

h- 

\- 

1- 

h- 

1- 

h- 

< 

< 

-) 

~5 

D 

r> 

• 

O 

Q 

a. 

a. 

o_ 

a_ 

o> 

a* 

O 

OS 

0 

Os 

2: 

ON 

ON 

2: 

O 

cr> 

2: 

OS 

ON 

21 

o> 

a> 

O 

z 

cr 

Z 

0 

0> 

O 

ON 

ON 

O 

0^ 

ON 

O 

OS 

ON 

O 

13 

os 

0 

O 

0 

o> 

O 

0 

CT> 

0  0 

ON 

0 

ON 

ON  O 

OS 

ON 

0 

0) 

o 

0 

O 

1— t 

0 

t-H 

0 

a> 

ON 

ON 

ON 

ON 

fjs 

ON 

3 

Os 

On 

O 

f- 

0^ 

1- 

o> 

0 

0  0 

ON 

O 

ON 

ON  O 

OS 

OS 

O 

a 

•H 
4-1 

on 

os 

O 

< 

0 

<. 

o> 

0 

h- 

ON 

O* 

H- 

ON 

ON  (- 

OS 

ON 

1— 

Os 

ON 

O 

0 

Os 

O 

OS 

On 

0> 

ON 

ON 

ON 

OS 

ON 

c 

o 

0 

O 

t— 1 

O 

t— 1 

CM 

0 

Q 

0 

O 

Q 

O 

QC 

O 

Q 

0 

0 

0 

0 

o 

0 

O 

> 

O 

> 

<f- 

0 

LU 

0 

O 

LU 

O 

LU 

O  LU 

0 

0 

LU 

u 

o 

0 

O 

< 

O 

< 

O 

0 

0 

CO  O 

O 

CO 

O 

h- 

O 

CO 

0 

0 

CO 

^^ 

* 

• 

• 

2 

• 

z 

• 

0 

• 

z> 

• 

• 

r> 

• 

LU 

• 

r> 

t 

• 

=) 

CD 

o 

0 

O 

2! 
O 
CC 

O 

2: 
0 

or 

O 

0 

LU 

0 

CO 

O 

0 

O 

CO 

Q 
cc 

O 

2T 
O 
2! 
< 

O 

CO 

a 

ct 

0 

O 
CO 
1 

ST 

0 

CO 

0 

CC 

CD 
CO 

CU 

> 

LL 

LL 

LU 

0 

CO 

0 

or 

0 

0 

o 

0 

O 

O 

O 

CL 

0 

0  0 

CO 

O 

0 

O 

> 

O  l_ 

0 

_J 

0 

0 

• 

• 

• 

O 

• 

O 

• 

CO 

• 

LU 

t 

< 

• 

LU 

• 

Q. 

t 

LU 

• 

LU 

• 

LU 

o 

0 

O 

LU 

O  LU 

O 

0 

CC 

0 

a. 

O 

CC 

O 

O 

CC 

0 

a 

0 

CC 

>, 

> 

> 

a: 

2: 

CM 

0 

3 

M 

^ 

1— * 

»— 1 

LU 

t 

O 

t 

» 

2: 

• 

O 

0 

C£ 

or 

_l 

O 

O 

O 

_J 

0 

0 

O 

O 

O 

LU 

LU 

o_ 

LU 

O 

LU 

LU 

LU 

1— 1 

IU 

-C 

_) 

_J 

Q 

O 

CL 

CO 

at 

CO 

Q 

CO 

^ 

CO 

o 

O 

0 

0 

O 

O 

0  c 

1 

0 

> 

O 

1 

O 

O 

O 

1 

0 

co 

0 

1 

* 

• 

• 

• 

2T 

• 

2T 

• 

Q 

• 

4" 

• 

O 

t 

<t" 

• 

2: 

• 

-t 

• 

> 

t 

v* 

^ 

_J 

-H 

_i 

f-t 

O 

-H  C 

1—1 

—1 

— ) 

^ 

^ 

.H 

—1 

LU 

i— 1 

5-i 

< 

< 

t— • 

t— ( 

>- 

LL 

>- 

LL 

> 

LL 

X 

LL 

O 

1— 

H 

K 

1- 

CC 

O 

a: 

O 

LU 

O 

CO 

O 

O 

1— I 

1—' 

»— 1 

•— < 

cc 

a: 

_J 

t — 1 

0) 

O 

O 

CO 

CO 

LU 

• 

LU 

• 

Cu 

• 

Z 

• 

1—1 

►— » 

0 

0 

CL 

O 

o_ 

O 

o_ 

O 

< 

O 

CU 

a 

a 

a. 

CL 

t 

0 

CO 

z 

CO 

Z 

• 

2" 

LU 

Z 

t 

2: 

> 

z 

•H 

0 

0 

co 

CO 

LU 

— t 

0 

O 

O 

• 

^ 

O 

• 

rH 

0 

0 

0 

0 

0 

CO 

O 

0 

O 

O 

O 

O 

O 

a  0 

0 

J-l 

00 

1- 

co 

CO 

CO 

CO 

co 

*v 

CO 

0L 

co 

CO 

co 

CC 

CO 

CO 

CO 

QC 

CO 

CO 

CO 

CC 

CO 

01 

Q 

CO 

LU 

LU 

CO 

LU 

LU 

LU 

^ 

LU 

\ 

LU 

T3 

Q 

CO 

LU 

LU 

cc 

O 

LU 

O 

co 

O 

CO 

0 

CT3 

s: 

2: 

CC 

cc 

LU 

LU 

CC 

LU 

t— 

CO 

LU 

H- 

LU 

cu 
1 

2: 

2; 

O 

O 

t- 

1- 

O 

1- 

t- 

CO 

^- 

\- 

\- 

> 

X 

LU 

LU 

LU 

m 

z 

LU 

•4" 

z 

< 

in 

zr 

< 

z 

l 

> 

X 

O 

O 

21 

.^ 

1— 1 

O 

r-t 

t— * 

IS 

r^ 

t-H 

^ 

CM 

y— 1 

cm 

CM 

in 

LO 

O 

^  c 

O 

>t 

0 

0 

rH 

O 

0 

0 

O 

CM 

-^ 

CM 

C\J 

CM 

f-H 

^ 

<}■ 

rH 

H 

~4 

-^ 

— H 

<t! 

O 

0 

•—1 

1— I 

CM  2 

^ 

z 

ON 

•O 

2! 

O^ 

vO 

Z 

OS 

CO 

0 

LU 
LU 
Q. 

O 

CO 

* 

0 
< 

LU 

• 

CO 

• 

CM 

• 

CO 

CM 

• 
_J 

<D 

M 

M 

•H 

CO 

z 

X 

O 

0 

0 

O 

a 

1 — 1 

< 

CO 

< 

CO 

LU 

LU 

a. 

0 

a. 

CC 

• 

CC 

• 

LU 

O 

LU 

i—« 

< 

1— 1 

• 

<_> 

% 

0 

O 

X> 

a. 

X 

LU 

X 

_) 

Z! 

_) 

Z 

13 

1— 

co 

CO 

X 

CO 

0 

i—t 

0 

1—1 

H- 

»-^ 

^ 

•• 

CO 

» 

CO 

•• 

LU 

LLI 

•— 1 

O 

Q. 

CO 

CL 

CO 

• 

CO 

• 

CO 

K 

as 

ST 

en 

K 

os 

z 

cr> 

1—1 

ON 

1- 

ON 

1— 1 

ON 

h- 

ON 

0 

ON 

»- 

0^ 

0 

OS 

t- 

ON 

< 

on 

►— 4 

0 

< 

0 

O 

os 

X 

0 

z 

0 

X 

ON 

z 

ON 

2T 

ON 

21 

ON 

z 

OS 

Z 

OS 

Q 

0 

»- 

o> 

—I 

0 

_J 

0 

CO 

o> 

0 

0 

CO 

ON 

0 

ON 

1— 1 

O 

O 

ON 

t— 1 

OS 

O 

OS 

O 

o> 

O 

os 

O 

0 

O 

o> 

0  ON 

0 

ON 

O 

ON 

0 

ON 

O 

ON 

O  ON 

0 

OS 

O 

OS 

O 

0 

O 

o> 

O 

0 

O 

0 

0* 

0 

0 

0> 

<—i 

ON 

0 

ON 

CM 

ON 

O 

ON 

CM 

OS 

O 

ON 

r-w 

On 

O 

on 

CM 

0 

CO 

0 

ON 

os 

ON 

On  >cf 

ON 

ON 

0^ 

CO 

ON 

OS 

OS 

CO 

OS 

ON 

ON 

O 

0 

O 

On 

1—1 

0 

^ 

a> 

CM  O 

OS 

ON 

-^ 

ON 

On 

ON 

>£ 

ON 

ON 

ON 

vO 

OS 

OS 

ON 

<M 

cm 

r\J 

OJ 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

cm 

CM 

CM 

CM 

<M 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

78 


oooooooooooooooooooooooo 


• 

• 

• 

« 

• 

• 

CD 

O 

CD 

CD 

CD 

CD 

> 

> 

> 

> 

> 

> 

< 

< 

< 

< 

< 

< 

LU 

LU 

LU 

LU 

LU 

LU 

K 

t- 

t- 

h- 

»- 

»- 

3 

3 

-> 

r> 

3 

3 

Q. 

Q. 

a. 

Q. 

a. 

CL 

cr 

a« 

s 

CT 

CT 

s: 

CT 

CT 

s: 

CT 

CT 

T. 

CT 

CT 

2"    CT 

CT 

s: 

^^ 

o> 

cr 

o 

CT 

cr 

o 

O 

CT 

o 

CT 

CT 

O 

CT 

CT  O    CT 

CT 

o 

X) 

0> 

cr 

a 

CT 

CT 

o  cr 

CT 

o 

CT 

CT 

O 

CT 

CT 

O   CT 

CT 

o 

0) 

cr 

cr 

CT 

CT 

CT 

CT 

CT 

CT 

CT 

a: 

CT 

0> 

CC 

CT 

3 

CT  CC 

0> 

o 

O 

CT> 

o 

0> 

CT 

o 

CT 

CT 

o 

CT 

o  o  O  (^ 

O 

CT 

o 

•H 

4-J 

CT   LU 

CT 

t- 

CT 

CT 

1— 

CT 

CT 

1— 

CT 

CT 

f- 

CT 

»— 

CT 

1—  CT 

H- 

CT 

1- 

CT  H- 

cr 

CT 

CT» 

CT 

CT 

CT 

CT 

CT 

co 

CT 

CT 

CO 

CT 

C 

O   LU 

o 

Q 

o 

o 

a 

(M 

o 

a 

o 

o 

Q 

O 

i — » 

O  Q  O 

i — » 

O 

Q 

o 

o  s: 

o 

LU 

o 

o 

LU 

■* 

o 

UJ 

o 

cc 

o 

LU 

o 

s: 

o 

LU    O 

S 

O 

LU 

CJ 

o  o 

o 

CO 

o 

o 

co 

O 

cc 

o 

CO 

o 

o 

o 

oo 

o 

a: 

O  CO  o 

a: 

O 

OO 

^^ 

•  z 

t 

3 

* 

• 

3 

• 

O 

• 

D 

• 

oo 

• 

3 

• 

LU 

• 

3     • 

LU 

• 

3 

Cfi 

o  < 

o 

o 

o 

o 

oo 

o 

o 

z 

o 

o 

X 

o 

O 

X 

o 

dJ 

a: 

CO 

CO 

Z 

CO 

LU 

O0 

H- 

CO 

h- 

O0 

OC 

> 

a 

a 

LU 

o 

CO 

O 

Q 

a 

c^ 

Q- 

ar 

r* 

or 

co 

QC 

CC 

* 

CC 

• 

OCT 

O 

LPl 

a 

O 

LU 

o 

t- 

O 

h- 

a 

o  00 

o 

o 

o 

o 

a 

o 

LU 

o 

o 

o 

CC 

o 

o  o 

00 

o  c 

CO 

o 

o 

•  *t 

* 

LU 

• 

_l 

• 

LU 

• 

CC 

• 

LU 

* 

Z) 

• 

LU 

• 

z 

• 

LU      • 

z: 

• 

LU 

O    | 

o 

CC 

o 

LU 

o 

a£ 

o 

3 

o 

C^ 

o 

oo 

o 

CC 

o 

1— 1 

O  a 

i — i 

o 

a: 

>-> 

oo 

a 

CO 

to 

3 

• 

o 

• 

CO 

• 

LU 

• 

CD 

• 

CD 

• 

_J 

O 

s: 

u 

LU 

o 

a: 

o 

z 

o 

Z 

o 

O 

LU 

LU 

LU 

CL 

LU 

a. 

LU 

t— 4 

LU 

>— i 

LU 

,£ 

Q 

CO 

o 

CO 

(X 

OO 

oo 

C£ 

CO 

CC 

CO 

O  O 

o 

I 

o 

h- 

o 

| 

o 

o 

1 

o 

i— 

o 

1 

o 

o. 

o 

1    o 

a. 

o 

1 

Cfl 

•  s: 

• 

«*■ 

• 

U 

• 

.* 

• 

Z 

• 

•J- 

t 

z 

• 

nC 

• 

CO 

• 

-d-     • 

CO 

• 

•4- 

— i 

-4 

—t 

LU 

— 1 

— 1 

< 

r-l 

—* 

3 

—4 

f— « 

-4 

i-H 

—t 

L| 

> 

Li- 

h- 

LL 

s: 

LL 

O 

LL 

3 

LL 

3T 

LL 

o 

LU 

ci 

co 

O 

CO 

O 

s: 

O 

o 

O 

a 

O 

O 

_l 

co 

_) 

LU 

_l 

_! 

CD 

a. 

• 

t— t 

* 

_J 

t 

CO 

» 

_J 

• 

_J 

• 

Q. 

o 

2 

o 

O 

O 

o 

o 

LU 

O 

LU 

o 

<0J 

•  LU 

z 

* 

CO 

z 

^ 

2 

CC 

2: 

00 

> 

Z  CO 

> 

z 

i-H 

2: 

•z 

r> 

3 

•    —1 

o 

• 

r-4 

o 

CO 

r-4 

O 

oo 

<-4 

o 

►— < 

CM 

o  *-* 

rg 

o 

ct  o 

o 

CT 

O 

o 

cc 

o 

o 

oc 

o 

o 

o 

O 

o  O 

O 

o 

L| 

CO  CO 

cc 

ao 

CO 

00 

CC 

00 

< 

CO 

cc 

CO 

< 

CO 

QC 

00 

_l 

00 

cc 

CO   -) 

oo 

cc 

00 

a) 

V, 

LU 

*v 

LU 

CD 

LU 

co 

LU 

LU 

LU 

LU 

LU 

t3 

OO 

o 

CO 

o 

c— ) 

o 

*— « 

CD 

O 

CD 

o 

CD 

CO 
a) 

t-  o 

LU 

1- 

LU 

_l 

LU 

_l 

LU 

• 

LU 

• 

LU 

y-  o 

S- 

1- 

>4- 1- 

_J 

1— 

_) 

h- 

CD 

h- 

CD 

H- 

<   LO 

Z 

< 

s0 

Z 

1— 1 

CM 

z 

t— 1 

r>- 

z 

LU 

CT  2 

LU 

Z 

l 

3  CM 

HH 

^ 

a- 

t— 3 

ST 

O 

1— » 

s: 

m 

t— ' 

a 

CM 

1— 1 

o 

CM 

H^ 

• 

O  >-< 

o 

o 

-c 

O 

O 

.— » 

o 

o 

— i 

o 

o 

i— i 

o 

o 

LO 

o 

CN 

t— { 

— 1 

r-^ 

<~4 

O 

r-H 

o 

-H 

o 

— 1 

o 

r— 1 

< 

o  z 

CT 

o 

z  0 

<* 

2 

CT 

<t- 

z 

CT 

LO 

Z 

CT 

LO 

z 

CT 

CO 

or 
< 

CO 

LU 

co 

CO 

LU 

oo 

e 
OO 

• 

oo 

• 

a 

.—1 
• 

oo 

r-H 

cu 

•H 

p4 

• 

_l 

z 

• 

CC 

CC 

LU 

LU 

o_ 

s: 

CL 

CO 

Q 

O 

o 

Q 

3 

a. 

CC 

CC 

s 

LU 

s: 

_J 

< 

CO 

0— t 

< 

CO 

• 

3 

Q. 

LU 

\r- 

LU 

3 

cc 

• 

h- 

Q£ 

CO 

CO 

CO 

• 

I- 

• 

l~ 

CO 

c 

_i 

< 

LU 

_J 

CO 

LU 

• 

LL 

_J 

u_ 

t—t 

1- 

CC 

_) 

LU 

OO 

LL 

CC 

cn 

> 

O 

LU 

Q 

LU 

O- 

O 

CC 

O 

CC 

3 

_j 

cc 

CO 

cc 

< 

z 

• 

^ 

Q. 

cc 

3 

CO 

3 

Q 

• 

»• 

or 

»» 

to 

•■ 

« 

*■ 

00 

»> 

CO 

•i 

_J 

co 

CO 

_J 

CO 

LU 

CO 

oo 

oo 

LL  CT 

t- 

CT 

(- 

cr 

K 

CT 

_l 

CT 

t- 

CT 

oo 

CT 

h- 

o 

< 

CT 

h- 

CT   > 

CT 

^- 

c^ 

LU  CT 

Z 

CT 

LU 

a> 

2 

a> 

O 

CT- 

Z 

CT 

O 

CT 

z 

CT 

LU 

CT 

Z 

CT   CC 

CT 

z 

CT 

a:  o> 

O 

cr 

z 

a- 

O 

CT 

^ 

CT 

o 

CT 

cc 

CT 

o 

CT 

oo 

CT  O  CT  Q 

o 

o 

CT 

o  cr 

O 

0> 

o 

a* 

o 

CT 

o 

CT 

o 

CT 

o 

CT 

o 

CT 

o 

CT 

o 

CT   O 

CT 

o 

CT 

ro  cr 

o 

CT< 

f. 

cr 

o 

0> 

o 

CT- 

o 

CT 

o 

CT 

o 

CT 

ro 

CT 

o 

CT   -t 

CT 

o 

CT 

co  cr 

CT. 

CT 

CO 

cr 

CT- 

CT 

o 

CT 

CT 

CT 

o 

CT 

CT 

CT 

O 

CT 

CT 

CT  O 

CT 

CT 

CT 

O  CT 

CT 

CT 

O 

CT  CT 

o> 

>•* 

CT 

CT 

a> 

<4r 

CT 

CT 

CT 

LO 

CT 

CT  CT  LO 

CT 

CT 

CT 

CM  CM 

CM 

<M 

CM 

cm 

CNJ 

CNJ 

rsi 

C\l 

(M 

CNJ 

CNJ 

CM 

CM 

CM 

OJ 

CM 

CM 

CM  CM 

CM 

CM 

CM 

oooooooooooooooooooooooo 


79 


on 
ON 

On 

QN  Qt 

a*  o 

o>  k 

o>  oo 

O  HI 

o  2: 

O  CC 

•  LU 

O  X 


< 

LU 

H- 
Q. 

ON    S     (JX 

On  O  on 

ON    O    ON 

ON 

ON    O 

0>  (- 


o  w 

#  2 

o 


00 

3 


LU 
O 

• 

o 

LU 

o 
o 
o 
in 


H-.   o 


or 
o  a.  o 

•   CO      • 


a 

LU 
OO 

ID 

00 

Q 

a: 
o 
o 

LU 

a: 


cm 
o 
oo 


LU 


CO 

_j 

3 
CD 

>■  O 

or  o> 
Q  On 

o  o^ 

^  O1 

O    ON 

in  on 


LU 


ON 


(NJ  00   C\J 


CQ 

_l 
3 
CQ 

> 
or 
Q 

00 

I— 

z 
<_> 
o 
o 

ON 

0^ 
fM  cm  cm 


t 
O 
> 
< 


ON 
ON 

o> 
or  on 

o  ON 

1-  o> 

OO  on 

HH    O 

5:  o 
□T  o 

LU      • 

X  o 


00  O 

z    • 

H-.    O 


3 
a 


2:  on 

O  On 
O  On 

ON 
O  ON 
I-     ON 

0> 

Q  On 

LU     ON 

00  o 


00 
Q 
CC 

O 

o 

LU 
OT 


ON 

CT" 
ON 

a:  o> 
O  o^ 
i-  a> 

00  On 
h-h  On 

ST     ON 

OT  O 

LU     • 

x  o 


> 
< 

LU 

\- 

3 

ST     ON 

o  o^ 

O    ON 

ON 

O     ON 

h-     ON 

a* 

a  o 

LU  o 
00  o 


o 


or 

oao 
•  00    • 


o 

LU 

00 

I 


00  O 

Z  • 

H-<  O 

o 


CL 
a. 
00 


O 


O  LU  O   O0   LU 

z  00  >      z  3  > 

3  w 

O  h-i  (\J  OON 
OOO  O  — I  O 
cD-icDoraoiiiooa: 


o 

LU 

o 
o 
o 
in 


LU 


LU 

a 

LU 


!""-   H-. 

in  o 

r-t 

Z  On 

00  ^H 

co 


o 

LU 

o 
o 
o 

LT> 


CO 

_l 
3 
CO 

ON     t- 

ON   LU 

ON  3 

ON  O 

ON  CM 

ON  O 

on  in 

CM  CM 


3 
co 


LU 


LU 


CO 


00 


co 

_J 

3 
CO   On 

ON 
I-     ON 

LU   On 

IS     ON 

0> 

O  On 

z  & 

<     ON 

o 


CM 

CO 


—I  CM 

co       co 


3  3  3 

CO  On  CO  On  CO 

&  On 

(—   0>  K  On  \— 

On  LU  0^  LU 


O^ 

ON 
ON 

o 
o 
o 


o 


00 

Q 
OT 

o 
o 

LU 

cc 


00 
I    o 


CO 

_J 
3 
co 

o 
>    • 

cc  O 
Q 


O 
cC 

u.  o 


•       cc 

O  LU 

z      a 

O  •  CM  t 
OOOO 
00  ^  CO  ^ 


O 

LU 


GO  •— 1 

in  o 

Z   & 
CM  OO  CM 


00 

2: 
< 
a: 

o 

CM 

in 


00 

2: 
< 
cc 
o 
o 

CM 

in 

CM 


co 

_j 
3 
CO 


3        3 

co         ► 
00 

OI-(M- 
On  LU  On  z 

0^00^0 

0>  CM  On  O 

CMMJ^  00^0 

on  o>  on  m  on  o> 

CM  CM  CM  CM  CM  CM 


3 

X 

• 

U 
On  LU 
0>  O. 
ON  O0 

o>  o 

On  O 

ON    V}- 

on  in 

CM  CM 


3 

X 

• 

o 

On    LU 

ON     Q_ 

ON   00 
On  O 

ON     O 
ON     Nt 

on  m 

CM  <M 


0> 

ON 

On  Q 

o>  z 

On  < 
O 


O         O 
CO         CO         CO 


3         3         3 
CO  CO  CO 

o       o 
>    •  >    •  > 

cc  O  CC  O  CC 

OOO 


O         O 
CC         CC 

o  u_  o  u. 


— H  Q  — t  O  ^ 


a: 

LU 

o 

CM 

O 
CO 


or 

LU 

Q 

CM 
O 
00 


0> 

O^ 

ON  CC 

ON  LU 

0>  I- 

ON  LU 

o>  2: 

o  o 

o  5- 

O  LU 


> 
< 

LU 

h- 

3 

a 
on  2: 
on  o 

On   O 

ON 

0  o 
on  1- 

ON 

o 
o 
o 


O  <  O 

o. 

3 

o 

O    I 

•  CO 

o 


Q 

LU 

00 

3 

00 

o 
or 
o 
o 

LU 

or 


Q  ^  Q 
LU  LU 

>      > 


OOO 
t  z    • 

"H   3    ^ 

o 


0; 

LU 

o 

CM 

o 

00 


0 

LU 

00 
I 

4- 


O 


O 
O 

00  or  00 


00  o 


LU 
O 

• 

o 

LU 

o 
o 

o 
in 


LU 

o 

LU 

o 
o 
o 
in 

CM 


LU 


OO 

or 

LU 


o 

LU 


LU  CM  Z 

2:  in  >-. 

o  -*  o 

CM  Z  On 

2:  00 

o      2: 


o 

CO 

I 
o 

LU 
LU 

a. 
00 


a 
o 

CO 

I 
00 


O  00 

^S^JOZO^K  On 
IMJJtMJJ^HiO^Z^ 
OnQOnQO1  3  o>  o  o* 
OnOOnoOnoOnOOn 

ONvtONv4"ONONO>OON 

onoonoo^loo^onon 
ONinoNinoNcMONooN 

CMCMCMCMCMCMCMCMCM 


a) 
d 

•H 

a 
o 

o 


Cfi 

a) 

u 
a) 
> 

i—l 
M 

P 

O 


en 
Td 

o 

CJ 

CD 

H 


■H 

MH 

M 

QJ 

-d 
cfl 
a) 

W 
I 
1 


U 

bC 

•H 


80 


r^^^p^^-p«»r^ooaoooooaocooo<X)ooaO(7*OCT>o<j><^o> 
oooooooooooooooooooooooo 


* 

< 

LU 

K 

-) 
a 


a* 

(T>  LU 

0>  H- 

cr>  lu 

cr  2: 

o  a 

o  2: 

O  LU 


O 

o 


o> 

a>  o 

cr>  h- 

o  o 

o  LU 

o 


o  <  o 
a. 
o 

O     I 

•  m 


00 
00 

Q 
ex 
O 
O 

LU 

a: 


000 
•  z    • 

a 

> 


•   CL 
O 

LU    -^ 
00 

CO 
(X 


o 

LU 
OO 

I 

u_ 
O 


O   LU    O 

•  Z     t 

o  <  o 

> 
o 
cl 
o 

o  —>  o 


o 

000 
•  z    • 

^  D  ^ 

o 

> 


> 

< 

LU 

-5 

Q. 

2:  0> 
o  cr 
o  o 

0> 

(-  o> 
0> 

Q  O 

LU    O 

00  o 

3 


o 

LU 
OO 
I 
<J- 

LL. 
O 


51 

o 

~* 
<M 
(- 
00 
< 

2: 
1 
o 

LU 
LU 
CL 
00 


o 

(3D    Qt 
LU 

CD 
LU 

t- 

r»  z 
r»-  •-< 

— 1  o 


z       on 

o       o 
o       o 

00  co  qo  a: 


o 


00 


00 
< 


LU 
LU 
CL 
O 
LU   <\| 

Q  O 
O  <\J 
O 

(NJ  Z 
CO 
21 

o 
o 

CD 

I 


CO 

> 
< 


Q> 

cr 

o 
o 

LU   O 
•  Z     t 

o  <  o 

> 
o 

CL 

o 

O  •-.  o 


2! 

o 

o 


Q 
LU 
00 

z> 

00 

Q 

or 
o 
o 

LU 


O 

OOO 
•  z    • 

-*  ID  1— 1 

O 

> 


o 


o 

LU 

cl 

•—1 

Q 

Q  0> 
Z  0> 

<  CT> 

Q  O 

LU  O 

LU  O 

Q-  O 

to  O 


o  o 
o  o 
00  co  co  a: 


a- 


LU 
LU 

<x 
O 

LU 
Q 
O 
O 
<\J 


1^- 
CM 
eg 


O 
O 

CO 

I 


00 

< 


00 


o 


o 

LU 
CO 

I    O 


cr 


CO 

< 


O 


Q 


Z 

o 


o 

LU 

a: 


o 


o 

LU 


Q 

Z 
< 


0> 
o  0> 

LU  C* 
LU  O 
CL    O 

co  O 


Q  O* 
Z  O 
<  O 

Q  O 
lu  CT* 

LU  O 
CL  O 
CO   O 


•SLQSL 
O  •  O 
OOO 

CO  CO 


O  I-  o 

•   CO       • 

o  <  o 


o 

CL 

a.  o 


o       o 

CL  CL 

U.OU.O 


O  ^   O 
LU  LU 

>  > 


CL 


z    •  o 


CL 

LU 
Q 


0 


a: 


O 

O  UJ 

O  CO 

CO  ^ 

CO 

CL 

LU 


5T 

o 

m 

o 
o 

CO 


o 

LU 
00 

\ 

co 

CL 

LU 

I- 
LU 

2! 

o 
m 

C\l 

5: 

o 
o 

CO 


o 

LU 
CO 
^ 
co 

CL 

LU 

h- 

LU 

2: 
o 

r<~> 
r\J 
I- 
co 
< 


OOOQOQOQ 


CO 
< 


O 
CL 

LL 

O 
LU 

> 

CL 


•  O     •  Q 


O 

LU 

00 

CO 

ct: 

LU 


21 

o 

(M 
t- 
co 
< 


O 
CO 


21         SL         SL         ST 
OOOO 

o      o       o      u 
I       I       I       I 

r>      >       3      •> 


T3 

3 
C 

•H 
■U 

d 
o 
o 


en 


o 


CO 

o 
u 

B 


■H 

a; 

a) 


rj 


u 

bO 

•H 


Q 

Z  0> 

t— A  0^ 

2  0^ 

O  0> 

cr>  0^ 


CO 

o>  z 

0^  o 

0>  o 

o>  o 


CO 

&  z 
0>  o 

ON    O 

C7>  O 


o 
o  z 

CT^  •— 1 
O  O 

0>  ^o 


Q         Q 

0>  Z  C7>  Z  0> 

CT>  >—*  0"1  •— *  CT> 

0>  3  0>   2  0> 

0^0  0^0  0^ 

CT^  v0  O  h-  & 


W  '      V  •      -»»^      V  '      '      '      W  •      ^^      W  '      ' 1      W  %-^      V'      "**      W1      I  W  '       ^*rf      \J         I    —      W 

LOC^^C^OC^C^O>OC^^CT>,>J"0^^'On^'0>»4"C7n 

CNJCNJCNJ(\i(N)(N|f^rvJt\JC\JC\l(NjC\JC^rgCNJ<NJCNJCNJtNJ(\lrgC\J(N| 


81 

Starting  with  character  652,  the  format  for  the  data  records  on  the  tape 
are  given.   The  first  30  characters  (or  bytes)  of  each  data  record  contain 
mandatory  information,  which  is  defined  in  GATE  Report  No.  13.   The  remaining 
characters  as  defined  by  the  format  statement  are  the  values  of  the  meteoro- 
logical and  radiation  variables  listed  in  the  Type  2  file  header  records. 
Following  the  format  specification  is  a  paragraph  describing  the  data  set. 

The  Type  2  file  header  records  describe  the  meteorological  and  radiation 
variables  contained  in  the  file.   The  order  in  which  they  are  listed  corre- 
sponds to  the  data  format  given  in  the  Type  1  record.   For  the  low-resolution 
data  sets  (the  3-min  averages,  the  10-min  averages,  etc.),  the  Type  2  data 
file  headers  constitute  four  physical  records.   For  the  high-resolution  data 
sets  (the  4-s  averages),  they  constitute  two  physical  records. 

The  meteorological  and  radiation  data  follow  the  Type  1  and  Type  2  headers 
in  each  data  file.   They  are  given  in  order  of  time  sequence,  with  each 
logical  record  corresponding  to  an  observation  time,  and  the  data  in  each 
logical  record  are  written  according  to  the  format  given  in  the  Type  1  file 
header  records. 

There  are  as  many  data  files  as  data  sets  placed  on  the  tape.   Each  is 
followed  by  an  EOF.   At  the  end  of  the  data  is  an  End-of-Tape  Record  contain- 
ing the  name  and  address  of  the  Director,  CEDDA.   This  is  followed  by  two 
EOFs ,  indicating  the  end  of  information  on  the  tape. 

Users  should  dump  the  tape  and  several  data  records  upon  receipt,  and 
check  the  data  against  the  format  to  verify  that  the  tape  can  be  read. 
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APPENDIX  B 

Pre-GATE  Intercomparison  of  Pyranometers 

Intercomparisons  of  the  pyranometers  to  be  used  on  the  U.S.  ships  during 
GATE  were  made  at  NCAA's  Atlantic  Oceanographic  and  Meteorological  Laborato- 
ries, in  Miami,  Florida,  from  April  5  to  30,  1974.   Measurements  were  based 
on  the  International  Pyrheliometric  Scale  (IPS)  of  1956  (World  Meteorological 
Organization,  1974).   All  test  pyranometers  were  compared  against  a  Canadian 
reference  standard   Eppley  No.  10036  pyranometer  whose  calibration  was  trace- 
able to  the  IPS  via  the  Canadian  standard,  PACRAD,  Eppley-Kendall  No.  11399 
pyrheliometer . 

The  instruments  were  compared  for  periods  of  at  least  3  days,  and  new 
sensitivities  were  derived  for  the  GATE  pyranometers  (table  8,  sec.  6.2) 
based  on  the  integrated  daily  total  radiation.   The  67  pyranometers  tested 
in  Miami  agreed  to  within  4  percent  for  the  daily  totals  over  the  entire 
period,  and  two- thirds  of  the  instruments  agreed  within  1  percent. 

Curves  of  the  ratio  of  the  test  instrument  to  the  standard  were  plotted 
against  true  solar  time.   Examples  of  the  response,  shown  in  figures  B.l,  B.2, 
and  B.3,  clearly  indicate  that,  as  groups,  the  Eppley  2  and  8-48,  and  the 
Yanishevsky  pyranometers  behave  in  much  the  same  way.   Energy  differences  of 
as* much  as  3  percent  or  more  may  occur  for  solar  zenith  angles  of  less  than 
70°,  depending  on  instrument  type.   For  solar  zenith  angles  larger  than  70°, 
the  variation  in  response  between  instrument  types  is  much  greater.   The 
variation  in  response  between  the  Eppley  model  2  pyranometers,  as  seen  in 
figure  B-l,  implies  that  instruments  of  the  same  type  show  large  variations 
in  output  for  energy  received  at  low  angles  of  incidence.   This  may  explain 
the  large  differences  in  the  measurements  of  reflected  solar  radiation  during 
the  GATE  Intercomparison  periods.   Not  only  were  different  types  of  instru- 
ments used,  but  the  energy  received  by  the  sensors  was  of  low  intensity  and 
was  scattered  from  the  ocean  surface,  which  means  that  most  of  the  energy 
was  received  at  low  angles  of  incidence. 

The  results  of  the  tests  in  Miami  indicated  that  the  stated  accuracy 
requirements  (5  to  6  percent)  for  shipboard  measurements  during  GATE  could  be 
achieved. 
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Figure   B.l. — Response   of   an   Eppley   2   pyranometer. 
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RRT 10  OF  SENSOR  TO  STRNDRRD  10036 
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Figure  B.2. — Response   of   an  Eppley   8-48  pyranometer. 
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RRTIO  OF  SENSOR  TO  STRNDPRQ  10C36 
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Figure  B.3. — Response  of  a  Yanishevsky  pyranometer 
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APPENDIX  C 

Translocation  of  Thermistor  Probes  and  Bridges 

The  dry-and  wet-  bulb  temperature  sensors  on  the  Gilliss ,  and  the  sea- 
surface  temperature  sensors  on  the  Researcher ,  Gilliss ,  and  Dallas  were  not 
calibrated  with  the  bridges  that  they  were  paired  with  for  the  pre-GATE 
calibrations.   To  establish  the  correct  calibration  for  the  matched  thermistor 
and  bridge  pairs,  it  was  necessary  to  subtract  the  calibration  of  the  partic- 
ular bridge  that  was  used  in  calibrating  the  sensor  and  build  in  the  calibra- 
tion of  the  bridge  that  was  used  with  the  sensor  in  the  field. 

The  following  relationship  was  established  relating  the  bath  temperatures 

(T.   .  )  to  the  output  voltage  (V   , )  of  the  bridge  used  in  the  calibration: 
bath  cal 

Tbath(°C)  "  b2B  •  Vcal  +  blB'  «•« 

where 

b   =  the  slope, 

b   =  the  intercept, 
lo 

The  separate  bridge  calibrations  established  the  relationship  between  the 
voltage,  V    ,  and  the  resistance,  R,  for  each  of  the  bridges.   Thus,  for  any 
given  bridge  used  in  the  water  bath  calibration, 

R  "  a2B  •  Vcal  +  alB'  (C-2) 

where 

a   =  the  slope,  and 
zB 

a    =  the  intercept. 
IB 

For  the  bridge  that  was  mated  with  a  particular  thermistor  in  the  field, 
a  similar  resistance-to-voltage  relationship  was 


R  "  a2F  •  Vfield  +  alF'  (C-3) 


where 


a„   =  the  slope,  and 

Zr 

a   =  the  intercept. 

lr 

In  reality,  these  relationships  were  slightly  nonlinear.   However,  for 
the  small  resistance  ranges  associated  with  the  nominal  temperatures  they 
represented  and  because  the  same  two  resistance  values  were  used  in  all 
translocation  operations,  the  error  caused  by  approximating  the  nonlinear 
curve  by  a  linear  curve  turned  out  to  be  negligible. 


Solving  eq.  (C.2)  for  V   ., 

cal 


V   ,  =  R  ~  aiB  , 
cal 


a2B 


replacing  R  with  eq.  (C.3), 


v      (a2F  '  Vfield  +  aiF)  -  aiB 
cal  "  a2B 

S2F  .  V-.  nj   L  U1F  "  aiB} 
fxeld  + 


a2B  a2B 

and  substituting  in  eq.  (C.l),  yields 

Tbath  (°C)  "  b2B  •  af  •  'field  +  b2B  •    "  a2B"   +  blB  - 


or 


where 


and 


Tbath  (°C)  =C2  '  Vfield+C.'  (C'4) 

c    b2B  •  a2F  , 
2       a2B 

b2B 
Cl  =  1^  U1F  "  V  +  blB  ' 

Equation  (C.4)  was  then  used  to  derive  voltage-to-temperature  relation- 
ships for  all  thermistors  that  were  mated  during  the  GATE  field  operations , 
but  were  not  mated  during  the  calibrations. 


APPENDIX  D 

Sensor  and  SAM  Transfer  Equations 
Used  in  Data  Processing 


Table  D.l. — SAM  transfer  equations 


Variable 


Channel 
No. 


Counts  to  volts 


Slope 
xl(T4 


Intercept 
xlO  J 


Researcher  Bow  SAM 


Sea-surface  temperature 
Dry-bulb  temperature 
Wet-bulb  temperature  #1 
Wet-bulb  temperature  #2 
Boom  wind  direction 
Boom  wind  speed 


5 
7 
8 
9 
12 
13 


3.0523 
3.0597 
3.0545 
3.0562 
3.0565 
3.0583 


-2.0094 
-2.5752 
-2.3418 
-2.3686 
-3.6933 
-3.1092 


Researcher  Central  SAM 


Mast  wind  speed 
Pressure  (Rosemount 


2.9468 
2.9467 


-0.8104 
0.3438 


Sea-surface  temperature 
Dry-bulb  temperature 
Wet-bulb  temperature  #1 
Wet-bulb  temperature  //2 
Wind  direction 
Wind  speed 


Gilliss  Bow  SAM 
5 


9 
12 
13 


3.0600 
3.0522 
3.0596 
3.0529 
3.0550 
3.0570 


-12.4694 

-  0.9919 
-12.1620 

0.6869 

-  5.8808 

-  8.4060 


Gilliss  Mast  SAM 


Mast  wind  speed 
Pressure  (Rosemount) 


2.9639 
2.9626 


6.7676 
6.0980 


Dallas  Bow  SAM 


Sea-surface  temperature 
Dry-bulb  temperature 
Wet-bulb  temperature  #1 
Wet-bulb  temperature  //2 
Boom  wind  direction 
Boom  wind  speed 


10 
7 
8 

9 
12 
13 


3.0539 
3.0536 
3.0538 
3.0555 
3.0527 
3.0533 


-1.9087 
-1.9594 
-1.6542 
-3.5139 
-0.1526 
-1.3994 


Table  D.l. — SAM  transfer  equations  (continued) 
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Variable 


Channel 
No. 


Counts  to  volts 


Slope 


xlO 


-4 


Intercept 


xlO 


-3 


Dallas  Mast  SAM 


Mast  wind  speed 
Pressure  (Rosemount) 


Sea-surface  temperature 
Dry-bulb  temperature 
Wet-bulb  temperature  //l 
Wet-bulb  temperature  #2 
Boom  wind  direction 
Boom  wind  speed 


12 
13 

Oceanographer  Bow  SAM 

5 

7 

8 

9 
12 
13 

Oceanographer  Mast  SAM 


2,9442 
2.9441 


5.2259 
5.5692 


3 

.0566 

-2 

6949 

3 

.0560 

-2 

5212 

3 

.0592 

-6 

2459 

3 

.0580 

-5 

8612 

3 

.0560 

-1 

9864 

3 

.0540 

-1 

.3234 

Mast  wind  speed 
Pressure  (Rosemount) 


2.9675 
2.9712 


-9.8422 
-10.1268 
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Table  D.2. — Sensor  transfer  equations  for  the  Researcher 


Variable 


Sensor 

Vo 

Its 

to 

Units 

serial 

scientif 

ic  units  . 

No. 

Slope 

Intercept 

Bow  Boom 

Sensors 

126 

6.021 

14.99 

°C 

51 

5.988 

15.09 

°c 

55 

5.996 

15.12 

°c 

56 

6.006 

15.09 

°c 

201 

-68.175 

177.21 

deg. 

151 

9.782 

-0.05 

m/s 

114 

0.04036 

0.21 

deg. 

115 

0.OQ157 

-0.02 

m/s 

Mast  Sensors 

226 

-0.02125 

+181.77 

deg. 

176 

9.721 

0.01 

m/s 

136 

5.8637 

1001.02* 

mb 

Sea-surface  temperature 
Dry-bulb  temperature 
Wet-bulb  temperature  #1 
Wet-bulb  temperature  #2 
Boom  wind  direction 
Boom  wind  speed 

Ship  heading1" 

1 
Ship  speed 


Mast  wind  direction" 
Mast  wind  speed 
Pressure  (Rosemount) 


"These  sensors  were  calibrated  through  the  SAM,  hence  they  convert  recording 
counts  to  scientific  units. 


:Does  not  include  +1.44  mb  correction  for  sensor  height  above  sea  level. 
This  correction  was  applied,  however,  to  the  pressure  in  the  archived  data. 
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Table  D.3. — Sensor  transfer  equations  for  the  Gllliss 


Variable 

Sensor 

Volts 

to 

Units 

serial 

scientif 

ic  units 

No. 

Slope 

Intercept 

Bow  Boom 

Sensors 

Sea-surface  temperature 

127 

5.981 

15.01 

°C 

Dry-bulb  temperature 

53 

5.994 

15.03 

°c 

Wet-bulb  temperature  #1 

59 

6.013 

15.02 

°c 

Wet-bulb  temperature  #2 

60 

5.998 

14.82 

°c 

Boom  wind  direction 

203 

-69.301 

172.58 

deg. 

Boom  wind  speed 

153 

9.379 

0.06 

m/s 

Ship  headingl 

214 

-0.02645 

+194.50 

deg. 

Ship  speed-'- 

96 

-0.00041 

-1.41 

m/s 

Mast  Sensors 

2  1 

Mast  wind  direction  ' 

228 

-0.0261 

169.2 

deg. 

3,1 

228 

-0.0214 

169.2 

deg. 

4,1 

228 

-0.0209 

173.2 

deg. 

Mast  wind  speed 

178 

9.356 

-0.04 

m/s 

Pressure  (Rosemount) 

201 

5.636 

1002.15* 

mb 

"These  sensors  were  calibrated  through  the  SAM;  hence  the  conversion  is  from 
recording  counts  to  scientific  units. 

'Transfer  equation  for  IC  1. 

Transfer  equation  for  Phases  I  and  II. 

Transfer  equation  for  IC  3  and  Phase  III. 


Does  not  include  +0.94-mb  correction  for  sensor  height  above  sea  level. 
This  correction  was  applied,  however,  to  the  pressure  in  the  archived  data. 
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Table  D.4. — Sensor  transfer  equations  for  the  Dallas 


Variable 


Sensor 
serial 
No. 


Volts  to 
scientific  'units 


Slope 


Intercepts 


Units 


Bow  Boom  Sensors 


Sea-surface  temperature 


Dry-bulb  temperature 

Wet-bulb  temperature  #1 

Wet-bulb  temperature  #2 

Boom  wind  direction 

Boom  wind  speed^ 
M     M     it   5 

Ship  heading 

Ship  speed"' ' 
ii     it   6,8 


134(7) 
134(4) 

Unknown 

54 

61 

62 
204 
154 
182 
314 
315 
315 


063 
054 
962 
995 
958 
988 


-71.188 
9.902 
9.319 
0.02313 
0.00135 
0.00134 


15.00 
14.91 
15.15 
15.06 
15.08 
15.00 
179.00 
-0.01 
0.03 
-0.85 
-3.34 
-8.71 


C 
deg. 
m/s 
m/s 
deg. 
m/s 
m/s 


Mast  Sensors 


Mast  wind  direction" 
Mast  wind  speed 
Pressure  (Rosemount) 


229 
179 
205 


0.02230 

9.917 

5.7592 


-169.3 

-0.07 
1000.96' 


deg, 

m/s 

mb 


Sensor  134  was  used  on  bridge  7  from  June  17,  0900  GMT, through  September  9, 
1930  GMT  (Julian  days  168-252). 

2 
Sensor  134  was  used  on  bridge  4  from  September  9,  2130  GMT,  through 

September  10,  0830  GMT  (Julian  days  252-253). 

3 
A  sensor  of  unknown  serial  number  was  installed  with  bridge  7  and  used  from 

September  10  (Julian  day  253),  1400  GMT,  through  the  end  of  GATE. 

4 
Wind  speed  sensor   154  was  used  during  ICI  and  from  August  31  (Julian  day 

243)  1950  GMT  through  the  end  of  GATE. 

Wind  speed  sensor   182  was  used  from  June  27  through  August  31,  1941  GMT 
(Julian  days  178-243). 

These  sensors  were  calibrated  through  the  SAM;  hence  conversion  is  from 
recording  counts  to  scientific  units. 

This  transfer  equation  applies  from  June  17,  0900  GMT,  through  July  28, 
0000  GMT  (Julian  days  168-209). 

Q 

This  transfer  equation  applies  from  July  29  (Julian  day  210)  through  the  end 
of  GATE. 


Does  not  include  a  1.43-mb  correction  for  sensor  height  above  sea  level. 
This  correction  was  applied,  however,  to  the  pressure  in  the  archived  data. 


Table  D.5. — Sensor  transfer  equations  for  the  Oceanographer 
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Variable 


Sensor 
serial 
No. 


Volts  to 
scientific  units 


Slope 


Intercepts 


Units 


Bow  Boom  Sensors 


Sea-surface  temperature 
Dry-bulb  temperature 
Wet-bulb  temperature  #1 
Wet-bulb  temperature  #2 
Boom  wind  direction 
Boom  wind  speed 
Ship  heading^ 
Ship  speed 


Mast  wind  direction 
Mast  wind  speed 
Pressure  (Rosemount) 


129 

6.005 

14.94 

°C 

52 

5.985 

15.02 

°c 

57 

5.978 

15.05 

uc 

58 

5.984 

15.14 

uc 

202 

-69.733 

178.30 

deg. 

152 

9.874 

-0.07 

m/s 

414 

0.0264 

3.30 

deg. 

415 

0.00152 

-0.06 

m/s 

Mast 

Sensors 

227 

0.02126 

177.00 

deg 

177 

10.241 

-0.06 

m/s 

137 

5.705 

1001.22* 

mb 

GMT  (during  Phase  II) , 

the  Oceanog 

rapher 

converted  wet-bulb  #2  to  dry-bulb  #2 

These  sensors  were  calibrated  through  the  SAM;  hence  conversion  is  from 
recording  counts  to  scientific  units. 


2 


*Does  not  include  a  1.41-mb  correction  for  sensor  height  above  sea  level. 
This  correction  was  applied,  however,  to  the  pressure  in  the  archived  data, 
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NOAA  SCIENTIFIC  AND  TECHNICAL  PUBLICATIONS 

NOAA,  the  National  Oceanic  and  Atmospheric  Administration,  was  established  as  part  of  the  Depart- 
ment of  Commerce  on  October  3,  1970.  The  mission  responsibilities  of  NOAA  are  to  monitor  and  predict  the 
state  of  the  solid  Earth,  the  oceans  and  their  living  resources,  the  atmosphere,  and  the  space  environment  of 
the  Earth,  and  to  assess  the  socioeconomic  impact  of  natural  and  technological  changes  in  the  environment. 

The  six  Major  Line  Components  of  NOAA  regularly  produce  various  types  of  scientific  and  technical 
information  in  the  following  kinds  of  publications. 


PROFESSIONAL  PAPERS  —  Important  definitive 
research  results,  major  techniques,  and  special  in- 
vestigations. 

TECHNICAL  REPORTS— Journal  quality  with  ex- 
tensive details,  mathematical  developments,  or  data 
listings. 

TECHNICAL  MEMORANDUMS  —  Reports  of 
preliminary,  partial,  or  negative  research  or  tech- 
nology results,  interim  instructions,  and  the  like. 

CONTRACT  AND  GRANT  REPORTS— Reports 

prepared  by  contractors  or  gTantees  under  NOAA 
sponsorship. 


TECHNICAL  SERVICE  PUBLICATIONS— These 

are  publications  containing  data,  observations,  in- 
structions, etc.  A  partial  listing:  Data  serials;  Pre- 
diction and  outlook  periodicals;  Technical  manuals, 
training  papers,  planning  reports,  and  information 
serials;  and  Miscellaneous  technical  publications. 


ATLAS — Analysed  data  generally  presented  in  the 
form  of  maps  showing  distribution  of  rainfall,  chem- 
ical and  physical  conditions  of  oceans  and  atmos- 
phere, distribution  of  fishes  and  marine  mammals, 
ionospheric  conditions,  etc. 
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Information  on  availability  of  NOAA  publications  can  be  obtained  from: 

ENVIRONMENTAL   SCIENCE   INFORMATION   CENTER 

ENVIRONMENTAL   DATA   SERVICE 

NATIONAL  OCEANIC   AND   ATMOSPHERIC  ADMINISTRATION 

U.S.   DEPARTMENT  OF   COMMERCE 

3300  Whitehaven  Street,  N.W. 
Washington,  D.C.  20235 


